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SUMMARY

PROBLEA1

Develop a computer model for calculating the vertical and horizontal
directionality of low-frequency ambient noise for an ocean environment.

RESULTS

A FORTRAN computer model has been developed. The Research
Ambient Noise Directionality Model (RANDI) has given results in good
agreement with measured data for the Pacific, Atlantic, and the Mediterranean.

RECOMMENDATIONS

RANDI noise calculations should be compared with ambient noise
mcasurements for other ocean areas, seasons, and noise-source distributions
as data, sufficiently documented for validation purposes, become available.
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INTRODUCTION

The Research Ambient Noise Directionality Mod •i (RANDI) is an oper iting general-
purpose FORTRAN Program that calculates and displays, via CALCOMP plots, I lhv vertical

and horizontal directionality of low-frequency (betw-ee 10 and 500 Hz) ambient noise for
an ocean envirortment. This first-phase program will t'e used in the design of ambient noise
measurement experiments and in surveillance systemF analysis studies. A variable-dependent
approach based on system and environmental parameter variance makes this model inappro-
priate for synoptic forecasting. It will be improved and validated as time, data, an:. state-of-
the-art permit.

BACKGRO UND

".The ambient ncise at any particular poist in the ocean depends upon the amount and
location of noise-generating sources and the na'.ure of the local acoustic propagation condi-
tions, i.e., how the noise gets from the generator to the measuring sensor.

"Sound in the ocean travels in curved )r refracted paths and wll arrive at a hydrophone
from various vertical angles, depending on tie depth of the source and the hydrophone and
on the separation range. The path an indiv dual sound ray travels can include surface reflec-
tions and bottom bounces, as illustrated ir the ray diagram (Fig. 1). The bottom bounce
paths will generally have the highest soun'1 energy losses, while the paths which do not make
contact with either the surface or the bot tom will have the smallest transmission losses. The
vertical angle between one of these latte- rays and the horizontal is generally less than 15 deg
at any range, while the rays making cn tact with the surface or bottom can have vertical
angles approaching 90 deg. This effect~vely divides the sound rays into three distinct groups:
(1) rays which come in contact with the bottom and arrive at angles from approximate!y 15
to 90 deg down from the horizontal; ,2) the near-horizontal or SOFAR Channel rays, which
touch neither surface nor bottom ano, (3) the rays arriving at angles above 15 deg and which
originated or were reflected from ne.zr the surface.

There are many sources of uoise, the most important being winds, waves, shipping,
thermal agitation and biological ard seismic activity. The noise due to winds, waves, ind
shipping originates near the surface and arrives at the sensor along paths which travel near
or reflect from the surface. In th.. case of distant sources, the noise travels by wz.y of the I
SOFAR Channel and will arrive, at a sensor located within the channel, from nearly hori-
zonta! angles. Noise from near ,.ources (within a few hundred miles) will arrive at angles
closer to the vertical than does the SOFAR Channel noise. Thermal noise comes from
throughout the medium and can arrive at any angle or from any direction. Seismic noise
would be expected to arrive alang those paths which come in contact with radiating or re-
"flecting surfaces, including th,. bottom and distant seamounts. Biological noise, however,
originates along the surface, .he bottom, and throughout the medium.
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'I lie net effect of propaga iing-to the sensor-the noises froti' such a highly stratitified
(list ribut ion of ioise gzenerators "s a noise field having vertical direct iona lity. i.e., noise level
dependent onl vertical arrival anl.as illustrted in Fig. 2.

Various ambient noise models have been proposed which incIlude part of' the major
noise Nources and invoke ce-rtain simplifying assumptions to produce ai medium less hostile
to mathematical descript ion in an at tempt to render tilie problem solvable and yet obtaini

meaningful results. Fev 'investig~ators have succeeded, and then only in hiphly specializecd
cases. There is documventation on several of these ambient noise dlirectionality nmodels. In
the op)itiotT ot the avtlior, none is adeqluate for use in the design of' detailed directional
noise measurement experiments or for use in Surveillance systems analysis studies. Wiler
(Ref. I ) and Urick (Ref. 2), for example. p~roposed theoretical models which require a zero

sound sped gradient. These models cannot account for Sulrf~ace-neate no1 arriving at
angles below the hoi-izontal or for bottom noise (biological, seismic) arriving at angles above
the horizontal.. excep)t by reflection from the bottom or surface, respectively. This results
in a distorted directional noise pattern with abnormally low levels near the hioriz'ontal,
Talliam's model (Ref. 3). on the other hand, includes realistic sound-speed p~rofiles but
applies only to bottomn-mounted hydrophiones. IBartbergcr (Ref. 4) considered only ship
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noise from a uni tO riw distri bUtion of SUrface ships. thus restricting thle usefulness Of his
miodel to the 20- to I 00-luz retgion. Finally, tile MOSS Ambient Noise Model developed
j .ointly by the Navy and Bell Telephone Laboratories calculates the expected vertical
directionality of the noise field for seven ocean areas for the mean sumlmer and winter
cenditions for acouIstic propagation, w.%ind speed, and shipping. A more general area-
inldependent model is desired.

In additiOn to the limitations already discussed, none of the above models considers
h~orizontal direýctionality, noise due to distant sources (SOFAIP Channel noise), or noise of a
biological or transient nature, nor does any ccntain sufficient provision for considering vari-
ances in system characteristics. For these rea'sons RANDI was developed for use in thc de-
siten of ambient noise measurement experiments and the analysis of surveillance systems.

,AMBIENT NOISE DIRECTIONALITY'MODEL

MODEL. DESCRIPTION

RANDIl utilizes one or two of three different sc-urces for the propag 4tion lo~sbctwecn
tlit noise genierators and thle sensor. [he first source is a self-contained linear raytrace routine,
one which ap~proximates the sound-speed profile by a series of straighit-line segments and( cor.
rects for earth curvature. See .Ref. 5 for aI detailed description.

The second Source is a set of propagation loss versus range and arrival angle arrays
which is input as datat. If the propagation loss is input, RANDI wil! bypass the raytrace
routine. H-ence, ambient noise calculations by RAND[ can be based on propagation loss
values from ray theory (its own or nearly any other raytrace model. including those that
account for variable bottom topograp~hy and horizontal changes in the sound-speed prolile),
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normal-mode theory, experimental measurements, or any method by which propagation

loss versus range and arrival angle might be obtained. This second source of propagation
loss can be extremely useful when operating RANDI at the relatively low frequencies of
many passive surveillance systems, where the validity of ray theory becomes questionable
and normal-mode theory more attractive.

The third form of propagation loss utilized by RANDI is for sound energy tiav-ling
frorm distant sources to a sensor located within the SOFAR Channel. RANDI calculates the
propagation loss in this case by considering the effects of frequency-dependent attenuation
and spreading loss increasing with fifteen times the log of the average range to the conti-
nental shelf or the range to where the SOFAR Channel reaches the surface (as in northern
latitudes).

In addition to distant noise, RANDI considers five other sources of isotropic and
anisotrepijn surface and volumetric noise (Fig. 3): shipping, sei state 0, biological, tain, and
wind-wave interaction.

The surface noise is generated by an infinite number of point sources distributed
along a horizontal "noise source plane" just below the surface (Fig. 4). The depth of this
plane is set at 20 ft, since the main ship noise radiators (screws, shaft, and hull) are near
this depth, and surface wave action extends well below the surface. The shipping noise
generators are nonuniformly distributed, while the wind-wave and rain noise generators are
uniformly distributed. The noise resulting from any of these three sources is anisotrojic.
Sea state 0 and biological noises come from a uniform volumetric distribution of noise gen-
erators centered around the sensor and result in isotropic noise. The SOFAR Channel noise
received by a sensor located within the SOFAR Channel is also isotropic for all channeled
ray angles. The total noise field, then, is part isotropic and part anisotropic.

A target capability is also included in RANDI. By specifying the oceanographic,
environmental and noise conditions, and a target location, depth, and frequency spectrum
or line component, the Surveillance System Analyst receives, by way of plot and printed
output, the levels and angles of target multiple arrivals superimposed on the ambient noise
arrivals (see Figs. B-4 through B-13). Such a capability can make RANDI a useful tool in
the design, analysis, and optimization of surveillance systems.

MATHEMATICAL DESCRIPTION

The anisotropic shipping noise squared pressure spectrum level SNL (for a I-Hz band)
in the model is obtained from surface noise generators which have a radiated sound pressure
level varying with frequency. The following empirical expression, which has characteristics
similar to the spectra given in Fig. .71 of Ref. 6, is utilized:

SNL (rc pPa) = A0 - 10 log(10-1"0 Iogf'+l.16 + i0+3.3 iogf-6.27)

4, + 4 SHIPD + 50 log (SPEED/1 2) + 20 log (LENGTH/300)

4
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Figure 4. RANDI model noise field.

where

I 90 no distant noise sources
SA0 = 85 distant noise sources specified

Sf'= f- 2 SHIPD+ 12

f = number of hertz

SHIPD = shipping density indicator (0 - 7)

SPEED = number of knots of noise-source ships' average speed

LENGTH = number of feet of noise-source ships' average length

The squared pressures obtained from the levels given by this function ire distributed over the
noise source plane in such a way to result in effective squared pressures for unit area at unit
distance (the mechanics are described in the section on model calibration) with magnitude
varying in range and azimuth in such a manner to be proportional to the density of an input
shipping density distribution ASHIP (ship density vs range array) or a shipping density in-
dicator SHIPD (no shipping to heavy shipping on a scale from zero to seven). A similar
expiession was used for the squared pressure level due to distant sources DSL, since ship-
ping is the major contributor at low frequencies and the higher frequencies are severely
attefluated at SOFAR Channel propagation ranges.

The squared pressure spectrum levels for the anisotropic noise WNL due to
wind-wave interaction were obtained from a fit to the data of Perrone (Ref. 7) and are a
function of wind speed and frequency as follows:

-- J



WNL (re p) =-18 logf+ 96

+ 19.66 (log f)2 - 26 logf+ 27.31(0.065 WSPD°.7)

where WSPD = number of knots of wind speed in the vicinity of the sensor.

These levels are converted into mean squared sound pre& .re in a I-Hz band and
further modified by i multiplying factor to achieve directionalit) of the source at high fre-
quencies and nondir,:ctionality at the lower frequencies as indicated by Becken (Ref. 8).
The wind noise squared pressure modifier used in the model is the following:

Squared pressure multiplier = I - (1 -- cosn 0)(0.002 f-- 0.02)

where =angle (in degrees) from the vertical that the ray makes at the source, and
90-0 0•&•70

10

n=

12 70 < < 90

The following fur.ction, obtained from the data of Franz (Ref. 9), gives, for rain, v
the expected noise squared pressure level RPL in a I-Hz band and is distributed uniiormly
along the horizontal noise plane in a manner similar to the wind-wave noise.

RPL (rep Pa) = 5.5 log f + 50.5 + 14.5 log (RAIN)

where RAIN is the number of inches of rainfall per hour in the vicinity of the sensor.

Isotropic sea state 0 noise squared pressure spectrum level SSO is that noise which is
measured under the ideal conditions of io wind. calm surface, no biological activity, and
negligible shipping. It varies with .frequency and is independent of dipth and geographic
location. The equation for SS0 (for a I -Hz band) was obtained by f- quadratic fit to data
of Wenz (Ref. 10):

0SS (re pPa) = 4.22 (log f)2 - 33.4 logf + 89.1

A volumetric or isotropic distribution was chosen for biological noise in the absence
of data indicati-.g otherwise. This noise varies with time of day and relative amount of ac-
tivity expected at a particular site. An activity indicator on a scale from zero to ten is an
input to the model. The equation for the biological noise squared pressure spectrum level
BPL is of the following form:

BPL (re PPa) = 0.00175 (100 - f) sin 10.00262 (hr - 300)] ACTIVITY

-16.96(logf) 2 + 50.1 logf+455l

7



where the 0 < ACTIVITY < 10 and hr is the local time of day (military designation
0000-2400).

The sound pressure spectrum level TSL for a target source is accepted by the model
by reading in the appropriate coefficients Ai. i = I, 3. of a third-degree polynomial

TSL = A3 (log f)3 + A2 (log f)2 + A, log f + A0

In the event that the line component is the dominant feature in the band of interest, A0 is
the level of the line. Also specified by the user are the initial target range and depth, the
numbers of target ranges and depths to be calculated, and the increments in range and depth
to be used.

COMPUTATIONAL PROCEDURE

All of the noise and target squared pressure spectrum levels are integrated over a

user-specified bandwidth by means of an input frequency response function. If none is

specified, a I-Hz bandwidth and a constant bandpass frequency response function are
assumed.

The squared pressure received for a differential vertical angle is obtained by first
calculating the area defined by &he intersections of the corresponding ray bundle with the
noise source plane. These areas are multiplied by the local effective squared noise pressures
for unit area at a distance of I yard. The resulting squared pressures are then reduced to
account for propagation loss and summed. To this value is added the contribution of the
isotropic noise sources. The result is further reduced to account for the vertical response of
an individual hydrophone or an array of hydrophones. If no response function is specified,
it is assumed omnidirectional. The final squared noise pressure arriving at that angle is
stored for output and the process is repeated for ani adjacent ray bundle at a new vertical
angle.

In the case where horizontal directionality is desired, tht ocean is divided into n
regions by passing vertical planes through the sensor location at 360/n deg. The ocean is
then effectively divided into n regions, similar to a huge sliced pie of infinite radius whose
thickness is equal to the ocean depth at the receiver location. The pertinent environmental
and noise parameters are specified separately for each "pie slice" region. Hence, the calcu-
lations performed for one region are independent of the calculations performed in adjacent
regions. The total squared noise pressure, that which would be measured by an omnidi-
rectional hydrophone, is obtained by summing the squared noise pressures for the n inde-
pendent "pie slice" regions. An example is given in Appendix B, Figs. B-6 through B-i 1.

An explanation of terminology used in the ambient noise directionality illustrations
is necessary before results can be interpreted. Noise level refers to the per steradian mean
squared pressure spectrum level. Vertical received angle is the angle at the sensor the inci-
dent ray makes with the horizontal. The negative rays are downcoming rays at the sensor,
with the ray having a vertical received angle of -90 deg being the ray which arrives from

8



the surface directly above the sensor. The rays with positive angles arrive at the sensor
Li from angles below the horizontal.

Unlike noise, targets are treated as point sources at specific ranges and dept's. How-
ever, the received signal squared pressures are similarly influenced by the bandwidth, fre-
quency response function, and the vertical beam response function.

To aid the user, many oi the model inputs have been initialized in data statements.
This eliminates the repeated input of variables which are common to many situations and
yet allows the initial values to be suppressed in the event that different values are desired.
Those parameters which have been initialized are given in the model input section of the
program listing, Appendix C.

MODEL CALIBRATION PROCEDURE

The functional relationships used for noise express the pressure spectrum levels one
would expect to measure and are not source levels. To get the effective source levels at a
distance of 1 yard (for unit surface area) for distributions of noise generators requires re-
moving from the original levels the effects of frequency-dependent attenuation in the me-
dium and then normalizing to a unit of surface area. This is accomplished by distributing
the noise generators along the horizontal noise plane and propagating the noise at different
frequencies. A calibration function can then be obtained which is added to the original
levels to yield corrected levels and eliminate bias. This effectively removes the effects offrequency attenuation in the original levels and converts them to source levels for unit sur-

face area. Finally, the output of the model is adjusted to coincide with measured data for
one set of conditions (frequency, depth, wind speed, etc.) at one location.

This calibration is dependent on the manner in which the noise sources a:; distributed
and the method by which the noise generation area is calculated and is independent of the
medium. Hence, once this calibration is performed for one set of conditions at one location,
it need not be done for other conditions or locations. The initial calibration was performed
using Marine Physical Laboratory (MPL) Pacific ambient noise data (Ref. I 1) and shipping
information provided by Western Seas Frontier.

MODEL VALIDATION

The final step, validation, has not yet been completed. This requires comparing the
model output with measured data for many different locations, seasons, depths, freonuencies,
shipping distributions, wind speeds, etc. Tentative plans include comparing with the
IOMEDEX data. which were taken in the Mediterranean during November 197 1. Com-
parison with other data sets for different conditions will be done as data become available.
Although a large quantity of data is now readily available, the lack of shipping information
for the time interval during which the measurements were taken disqualifies it. Nearly all
historical ambient noise data are inappropriate for model validation.

\9
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DISCUSSION OF RESULTS

GENERAL RESULTS

Examples of output from the model for three different geographic locations (Fig. 5)
have been included to illustrate both the capability of the model and variability in the di-
rectional character of the. noise field resuilting from differences in sensor depth and acoustic
propagation (Figs. 6, 7, and 8). Profiles which generally characterize summer conditions in
the Pacific, Atlantic, and Mediterranean were chosen.

-It is interesting to note the existence of the trough (low level of noise) in the noise
field near the horizontal. This condition results from the horizontal rays at the hydrophone

SOUND SPEED, ft/sWc
4900 5000 5100 5200

00

% .
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Figure 5. Sound-specd profiles for Areas 1, 2, and 3.
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being unable to reach the surface, where the wind and shipping noise is generated. In two
cases, as the depth increases, the trough becomes narrower and eventually disappears, indi-
cating that only near the bottom will the horizontal rays "see" the surface. In the other
case, however, the trough gets wider as the depth increases. This results from the sound
speed at the bottom being much less than that at the surface; hence, horizontal bottom rays
can never reach the surface. Energy within the trough arrives from distant sources. The
trough levels are determined by the amount of energy which has become trapp, d within the
SOFAR Channel. There can be a trough, or it can be filled in, depending on whether the
energy per arrival angle due to near sources is greater or'less than that due to distant sources.
The total amount of sound energy received from the distant sources depends on the total
number of ships over the continental slope and shelf, range to the shelf, and the total channel
"look" angle at the sensor depth.

The lower level of sound at down going angles, greater than approximately 15 deg,
compared to the up going angles, less than -15 deg, results from bottom loss. The upcoming
ra ys, having bounced off the bottom before reaching the receiver, suffer a loss in energy not
exr,-2rienced by rays coming from the surface. This accounts for the asymmetric shape of
thu noise plots.

~ I MODEL OU"TPUT-MEASURED DATA COMPARISCN

Ambient noise data obtained by MPL (Ref. 11) during their April and May 1971
FLIP ambient noise measurements were utilized for the initial model calibration and to per-
form a level-variable dependence check.

The model was initially calibratcd at 50 Hz and 100 m receiver depth by reading in
the measured wind speed and re-orded shipping data and adjusting the model output to
correspond to the measured nc se level for a single day of the 15-day series of measure-
ments. The output of the mod-., was then compared with the measured data for other fre-
quencies, depths, wind speeds and shipping distributions.

Figures 9a and b are examples of how RANDI compares with the MPL data as a
function of tme. Only every other point of the original MPL data (one each day) has been
retained to compare with the model, since the shipping distribution near the FLIP site was
reported only once each day. Figure 9a is a comparison of the MPL data and the RANDI
output for 200 Hz at 560 m receiver depth. This frequency is of particular interest in
che:king the output of the model. since, at this frequency. both shipping 3nd wind-wave
into.-raction make significant contributions to the total noise level. This figure indicates that
the model is, in general. within 2 or 3 dB of the measured data. The anomalous results can
be explained by the presence or lack of nearby (within the same I-deg square as FLIP) ship-
ping which was reported (erroneously perhaps) but was not seen by FLIP personnel or could
have been close to FLIP's position but not reported. The agreement at 400 Hz (Fig. 9b) is
similarly encouraging for such a rough initial calibration.

Figure 9c compares the noise levels calculated ior MPL by CAPT Paul Wolff
: (Ref. 11) using two different noise models, the noise as calculated by RANDI and the

14
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MPL data for 100 Hz at 100 m depth. Again the agreement between RANDI and the
MPL data is good.

RANDI also indicated that the noise field should have a depth dependence. The
total reduction in noise level as the sensor depth increased from 100 to 3930 in was calcu-
lated to be 6 dB at 50 Hz and 4 dB at 400 Hz. The data, however, showed a reduction of
about 10 and 4 dB, respectively, for the same conditions. The discrepancy at 50 Hz is
largely attributable to not specifying distant (SOFAR Channel) noise sources in RANDI
when the comparisons were made. This could easily add the required 4 dB, since the

total SOFAR Channel "look angle" at the axis is approximately 22 deg and the nearby
shipping was relatively light. A similar depth dependence was observed by Lomask and
Frassetto in the Mediterranean, where they utilized the bathyscaph Trieste (Ref. 12). Weigle
and Watt (Ref. 13), however, generally observed less than 3 dB depth dependence in the

Mediterranean for the same frequency range. The environ-mental and shipping data from
Ref. 13 were used as input for RANDI to enable comparison with the measured data. The
results are presented in Table 1. Since the data are classified, only the differences in the
measured and calculated (by RANDI) levels are given as a function of frequency and depth.
It is interesting to note that although RANDi was calibrated with Pacific data, where the
ambient noise levels are about 20 dB less thai in the Medite ranean, RANDI calculated the
Mediterranean noise within about I or 2 dB.

RANDI was also used to obtain the horizontal directionality of the ambient noise
for one shipping distribution and wind speed during the FLIP ambient noise measurement
program. The results are given in Figs. B-6 through B-I I.

FUTURE IMPROVEMENTS

Improvements in the current ambient noise directionality model will be made as
time and state-of-the-art permit.

Transient noise, including noise from seismic disturbances and explosions, is of con-
siderable interest and will be included in RANDI within the immediate future.

SUMMARY

RANDI is a working FORTRAN model which calculates and plots the directional
character of low-frequency ambient noise in the ocean environment. This model is con-
ceptually simple and will be improved as time and state-of-the-art permit. It is intended to
be a tool to aid in the design of noise measurement experiments and in surveillance systems
design and evaluation and not for ambient noise synoptic forecasting. 1
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Table 1. Coznpari~on of RAND! Output and Measured
Noise Pressure Spectrum Level Data From~ the

Mediterranean (Ref. 13).

Frequency. Hz Depth, ft Difference ir, Level, dB

20 925 -1.0
1728 - -0.6[ 3785 ... 4
5795 -1.9

6730 -1.8

s0 925 1.9
1728 2.6
3785 0.4
S795 2.7
6730 4.5

100 925 0.5
1728 0.0
3785 0.3
5795 1.1
6730 2.4

200 925 -1.2
1728 -1.6
3785 -2.8
5795 -0.5J
6730 -0.1

400 925 0.2
1728 0.3
3785 -1.6
5795 -1.6
6730 -0.4 J

500 925 0.5
1728 -0.7
3785 -0.5
5795 -1.6
6730 -1.1 -4
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Appendix A

RANDI SUBROUTINE DESCRIPTIONS AND FLOW DIAGRAM

Figure A-1 illustrates how the main or executive routine controls the flow of logic
through the 21 subroutines which comprise RANDI. This figure can also be used as a guide
in "streamlining" RANDI by removing those subroutines which will not be required by the
user. In such a case, "dummy" or "empty" subroutines are substituted for the originals.

For example, RANDI could easily be loaded into a relatively small computer when the prop-
agation loss versus range is to be read in and no sound-speed profile plot is required. This
is accomplished by substituting "empty" subroutines for TARGET, RAPATH, SUMINT,
RAYTRC, VERTEX, HSURF, SCLNCE and SSPLOT. If only a printout is desired, PLT

could also be deleted.

The following is a brief functional description of each subroutine:

ALFA contains the equation for the absorption coefficient as a function of frequency

and water temperature.

AIJXPR calculates sea surface area intersected by a ray bundle and sums squared sound
pressure when propagation loss is read in.

BIO contains equation for biological noise as a function of frequency, time and
biological activity indicator.

BWIDTH integrates noise or target spectrum using an input bandwidth response function.

ERTHC corrects the sound speed profile to include tlfe effects of earth curvature.

FUNS obtains the squared noise pressure from the shipping histogram array for a
given range.

FUNU linearly interpolates between two points.

HLOSS computes absorption, spreading-and refraction losses.

HSURF computes surtace reflection losses.

PLT plots noise and target levels

PRINTS prints input and initial variables.
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RAPATH generates ray paths and corresponding propagation losses.

RAYTRC determines path taken by each ray.

READIN reads input puxameters.

SCLNCE produces convenient set of scale numbers for sound-speed profile plot.

SHIiPIN constructs the ray for the shipping noise squared pressure versus range histogram.

SSPLOT plots sound-speed profile.

SUMINT" calculates sea surface area intersected by a ray bundle and sums squared sound
pressure when propagation loss not read in.

SURFS contains the squared pressure levels for thermal, shipping, whii-wave and rain

noise generators.

TARGET traces rays from target to sensor and computes received signal levels and arrival
angles.

VERTEX computes greatest and shallowest depths reached by ray

-21
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RANDI INPUT DATA AND FORMAT

Input data cards for RAND! include parameter cards, array cards and run-control
cards.

A RANDI input parameter card consists of an arbitrary number of parameter fields
in free format. Each parameter field is separated by a comma, oblique, or blank space and
contains the parameter name followed by an equal sign and then tile value the parameter is
tobe assigned for that and subsequent consecutive runs or until a new value is assigned. The
array cards contain the name of the array followed by an equal sign, which is immediately
followed by the first value in the array. Subsequent values are separated by a blank space.
Values which are continued on additional cards are preceded by an asterisk and a blank
space at the beginning of the string of values contained on the continuation card.

Data cards for consecutive runs are separated by a PAUSE run control card, which
signals the end of data for one run and that further data follows for another run. The last
data set is followed by an END-DATA card signaling the end of data for the last run.

The PRLOSS card precedes each array of propagation loss versus range and follows
the parameter and array cards for a given run but precedes the PAUSE card. The plot data
cards follow the PAUSE card at the end of that data set for a given run, since they are read
directly by the plot routines and not the READIN subroutine.

Although it is possible to read in a total of thirty-six parameters and arrays, RANDI
can be run, for the large majority of cases, by merely reading in a few variables. For ex-
ample, if only the sound-speed profile, frequency, and sensor depth are read in, RANDI
will use preprogrammed values for the other variables and arrays in calculating the ambient
noise. The preprogrammed values are listed in the model input section of the model listing
of Appendix C. The resulting noise calculation, then, will be for the given depth, a wind
speed of 5 knots, moderately heavy shipping, an omnidirectional vertical beam response
function, and a 1-Hz bandwidth centered at the input frequency integrated over a bandpass

r frequency response function. A 360-deg horizontal sector width, moderate bottom loss,
and a latitude of 40-deg will also be used.

The following is a list and brief description of the RANDI input variables and output
products.

INPUTS

System

Name Units

ADANF ARRAY Frequency (kHz) and depth (ft) array
ZTG FEET Noise source depth
PHID DEG Declination-elevation angle
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Name Units

DELPH DEG Vertical half-power beamwidth
DGREH DEG Width of horizontal sector
BERNG DEG Bcaring of horizontal sector
BNCS Number of ray bounces
ABW ARRAY Frequency response (dB down) across bandwidth
ARESP ARRAY Vertical beam response (dB down) pattern

ENVIRONMENTAL

ALAT DEG Latitude for earth curvature effects
AVELP ARRAY Sound-speed (ft/sec) vs depth (ft) profile
AHB ARRAY Bottom reflection loss (dB) vs grazing angle (deg)
APROP ARRAY Optional prop loss (dB) vs range (kyd) with elevation angle (deg)

and ray bundle width (deg)

NOISE SOURCES

WSPD KT Wind speed in knots
ACTIV Biological activity
HOUR HR Local time of day in hours (military)
RAIN IN/HR Rainfall
SHIPD Ship density scale
ASHIP ARRAY Ship density (No./10000 sq mi) vs range (nmi)
SHLFR NM Average distance to continental shelf and surfaced sound channel
SHLFS Number of ships within horizontal sector over continental shelf

and in surfaced sound channel

TARGET

ZTGI FT Target depth
ZTGNO Number of target depths
ZTING FT Target depth increment
RGT KYD Range to target
RGTNO Number of target ranges
RGINC KYD Target range increment
TARG If less than 0 TARGO is a target line component in dB/micropascal,

otherwise TARGO is const in target spectrum level equation
TARGO Level of line component in dB or const in spectrum equation
TARGI Coefficient of log f
TARG2 Coefficient of (log f)2TARG3 Coefficient of (log 0f

24



OUTPUT AND PLOT CONTROL CARDS

System

Name

OUTPT Output data control parameter
SNPLT Noise plot flag
HFLAG Noise plot data card flag
SSPLT Sound-spend profile plot flag

Three additional cards required after pause for noise plot
Title
Location
Date

Two additional cards required for sound-speed plot
Location
Date

INPUT DATA CONTROL CARDS

HEADER Used before a message statement
PAUSE Used before each consecutive run except first
PRLOSS Used before each prop loss array
END-DATA Used at end of data or before plot cards that are at end of data

4 'OUTPUTS

SPlots

1. Noise level versus vertical arrival angle with or without target
2. Sound-speed profile

Table

Noise level versus vertical arrival angle
Target signal level versus vertical arrival angle
Total sectpr noise level

EXAMPLE COMPUTER RUN

Input

An example of a typical RANDI run follows to illustrate the input format and out-
put products. In this example both a vertical directionality plot and a sound-speed prof'le

25



'lot are requested. The input variables are sensor depth, frequency, latitude. wind speed,
request for both plots, bottom loss versus grazing angle array and sound speed versus depth
array. Three plot data cards are also included, giving the title, location, and date. All other
parameters are automatically set equal to preprogrammed initial values.

Output

Figures B-2 through B-5 illustrate the output of RANDI for a given set of input
data cards.

EXAMPLE OF HORIZONTAL DIRECTIONALITY

Shipping data for May 1, 197 1, within a few hundred miles of the FLIP ambient
noise measurement site, were utilized to illustrate the horizontal directionality capability
of RANDI. To do this the noise field was dihided into 36 horizontal pie-shaped sectors
centered at the FLIP position. The vertical arrival structure of the noise field was obtained
by running RAý DI with different shivping distributions each time to get the average noise
level every 10 deg. These levels were then reduced by 10 dB to get the per degree levels
"and plotted by a separate DISSPLA plot routine. Four of the I 0-deg-horizontal-sector
vertical directionality plots (Figs. B-8-11 ) have been included to demonstrate the variability
in the vertical arrival structure.

26

:26



@a tx w 4* n 40 p. 4*
on- ". F -. V n 4* * *
4D ~ v . F, " * " 40 p. 4* 4*

a 3 * . w* in 4* . 4 *

me- V4 us4* 4 4* p.t 48 4*
as- ft 4% V* in 4 F *

ii~. @s- ft i. n 40 . 4 *

W.~ p. C4 W* 4* 11 * *

%Z, p. e -0 'n 0* 4 . 4 *
0Cr a,3 p.. * ~ ~ p

vC w3 w. Fr . AMem

CD ~ . 44 OR v a 40 . 4 *

44 p. m, 4 4 0 f-. * *
9 qv in3 p. F,* ~ . a 3-

C t @ W4* 44 -W 4* p. I- e 4*3
-, r43 p. C * 4* in p. 4* 4*

(U *3 9- 1: - : .. :
@ 9- p. do* 4 4 . 4*3

- *, ~p. , 4 4* fr . E* .
I~F * an OD p. 4* 4*

an- p. a, :14 * . .

9* tr. F, 4* 4* * p

vp 4 * go a

C. LO- 4 b F P pz. a o*

Ii - r Cc 402

(he 4* 4*8
p. co a*

VL.-;5 C, Cc-

@8 p , F, 4*** p- **

4 ,@ - p 4 * 4 4% 40 p.r *

!15 p.. m, 4* -1 1* on 1 403

Cc Ct 4*3 p.pr.~F 4

-AA 4*U p. Fr 4* or. <r r. o.4

-l -1 Z--e

E X / .43 . F * 4 * p * 4
4/<. p F * 4 * . 4 .

I-Vr"QFp
Ci * r~.* cIto. F ~ ~ p

SM. F, ~ ~ 4* p

27



Cc.

cecccc
cc. * **e C. -

C%Ic C91- ec

0.WN2U U. c

c 4;

c 2 2a .. a o aco 06
0*L * w2 1- a

XC - Q~ccc I- I -

* 0or* P: t-

CI 0.

03 
ILIS Z0 ~

cr... 0.Cm. IL v C c

a x a £ a

c Ni



LOCATION 06100W 24CON FREQ (HZ) 50.0
DATE 03 23 72 REC DEPTH (FT) 975.0
WIND SPEED (KT) 5.0 SECTOR LEVEL (DB) 80.3
BOTTOM DEPTH (FT) 19685.0 HOR SEC (DEG) 360 AT 270

D/E ANGLE NOISE LEVEL D/E ANGLE NOISE LEVEL
(DEG) (DO) * (DEG) (DB)

-76.5 46.3 76.5 40.4
-7203 41.0 72.3 39.4
-68.0 44.0 68.0 39.0
-65.9 44o7 65.9 38.8
-63.8 40.o4 63.6 38.5
-6196 44.1 61.6 38.5
-59.5 43.6 5905 38.4
-57.4 40.S 57.4 38.3
-55.3 43.5 55.3 38.4
-53.1 43.4 53.1 38.5
-51.0 43.3 51.0 38.7
-48.9 43.3 48.9 39.0
-46.8 43.4 46o8 39.3
-44.6 42.0 44.6 39.6
-:425 43.8 42.5 40.1
-40.4 45.0 40A4 40.5
"39.3 44.9 39.3 40.8
"-38.3 44.9 38.3 41o2
"-37.2 45.1 37.2 41.5
"36.1 43*7 36.1 4109
"35.1 46.6 35.1 42.5
"-34.0 44.3 34.0 42o8
"-32.9 46.8 32.9 #3.4
"-31.9 43.7 31.9 43.7
-30.8 48.5 30.8 44.5
29.8 45.4 29.8 44o8
28P7 47.8 28.7 45.6

-27o6 48.1 27.6 #602
-26.6 48.0 26A6 4609
25.5 4900 25.5 47.6
224.4 49.1 24.4 48.4
23.4 48.7 23o4 49.0

-22o3 5101 22.3 5001
-21o3 51.1 21.3 50.8
-20.2 52.0 20.2 51.1
-19.1 60.3 19.1 60.6
"18.1 6000 18.1 60.5
-17.0 60.7 17.0 61.0
-15.9 64.O 15o9 64o4
-14o9 64.9 14.9 65.1
"-13.8 64.4 13.8 65.0
"12.8 67.6 12.8 68.1
"-11.8 69.1 1108 69.3
"-10o7 70o4 10.7 70.9
"-9.6 73.6 9o6 73o4
-845 72o? 8.5 74o3
"-704 76.9 7o4 77.4

*D0 RE MICROPASCAL**2/STERADIAN HZ

Figure B-3. Typical RANDI noise field vertical directionality printout.
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Figure B-6. Per degree horizontal directionality of ambient noise in lO-deg sectors.
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Figure 8.7. Pacific shipping data for 1 May 1971.
Number olr ships over 1000 gross tons per 1-dleg
square.
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REC ANGLE TARpET LEVEL
DFG. DB/M PA

-82.135 -248.50
"-79.270 -140.83
-76.*405 -78.85
-73.b*40 -50.95
- 7 0 *b76 -29.66
-67o811 -15.09
"64*.946 -7,88
"62so81 -.58
"-59.216 6.88
"-56.351 14•42
"-50.622 22.13
"-44*892 31.94
"-36*298 42.19
-27.703 51.15
"-13,38' 51.42
82.135 -247.99
79°270 -140.30
76.405 -78,33
73.540 -50.41
70.676 -29.11
67.811 -14.55
64.946 -7.33
62.081 ".02
59,216 , 7.44
56.351 11.99
50.622 22.72
44,892 32.55
36.298 42.84
24.839 52.29
13.380 52.29

58*1 DB SIG REC AT 975. FT FROM 150.0 DB TARGET AT
90500 KHZ 4300. FT DEPTH# 50.000 KYD

Figure B-13. Example target data output.
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Appendix C

RESEARCH AMBIENT NOISE DIRECTIONALITY
(RANDI) MODEL LISTING
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C
C * *
C * RESEARCH AMBIENT NOISE DIRECTIONALITY (RANDI) MODEL *
C * *
C
C
C
C
c ***** MODEL INPUTS *****
C
C NAME UNITS INITIAL
C
C** SYSTEM INPUTS **
C

C ADANF ARRAY N FREQUENCIES (KHZ) AND K DEPTHS (FT)
C N+K *LE. 30
C ZTG FEET NOISE SOURCE DEPTH - 20
C PHID DEG D/E ANGLE 0
C DELPH DEG VERTICAL HALF-POWER 8EAMwIDTH 170
C DGREH DEG wIDTH OF HORIZONTAL SECTOR 360
C BERNG DEG UEARING OF HORIZONTAL SECTOR 270
C BNCS BOUNCES *LE* 60 10
C ABW ARRAY FREQUENCY RESPONSE(DB DOWN) ACROSS
C. FREG IN BAND) I HZ BW INITIAL
C ARESP ARRAY VERTICAL BEAM RESPONSE PATTERN
C OMNI ASSUMED IF NOT INPUT
C
C
c
C °

C** ENVIRONMENTAL INPUTS **
C
C
C ALAT DEG LATITUDE FOR EARTH CUFJATURE EFFECTS 40
C AVELP ARRAY VELOCITY(FTi'SEC) VS DEPTH(FEET) PROFILE
C AHB ARRAY dOT-REFL LOSS(DB) VS GRAZING ANGLE(DEG)
C PROV 5 ASSUMED IF NOT INPUTTED
C APROP ARRAY OPTIONAL PROP LOSS (DB) VS RANGE
c (KYD) ARRAY WITH ELEVATION ANGLE
C (DEG) AND RAY BUNDLE WIDTH (DEG)
C APROP) = DEPRESSION ANGLE (DEG)
C APROP(2) = RAY BNDL WDT (DEG)
C APROP(2N+I) = RANGE (KYDS)
C APROP(2N+2) = PROP LOSS (DB)
C
C** NOISE SOURCE INPUTS **
C
C
C WSPD KT WIND SPEED IN KNOTS 5
C ACTIV aIOLOGICAL ACTIVITY SCALE 0 TO 10 0
C HOUR HR TIME OF DAY IN HOURS (MILITARY) 1500
C RAIN IN/HR RAIN FALL 0
"C SHIPD SHIP DENSITY SCALE 0 TO 7 5o2
C *EQ* 0 - NO SHIPS# = 7 - DENSE
C SHIPPING CALIB NPL DATA 4/24/71
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C ASHIP ARRAY SHIPPING HISTOGRAM ARRAY - EACH BAR IS
C DEFINED BY z TO 4 NUMBERS IN THE
C FOLLOWING ORDER - RANGE IN NM.
C NO. SHIPS PAST THAT RANGE AND

BEFORE NEXT RANGE
C NEG AV SHIPS SPEED (KT) tOPTIONAL) -12
C NEG AV SHIPS LENGTH (FT) (OPT) -300
C LAST DATA POINT IS LAST RANGE
C SHLFR NM AVERAGE DISTANCE IN NAUIICAL MILES 900
C TO THE CONTINENTAL SHELF AND
C SURFACED SOUND CHANNEL WITHIN THE
C SECTOR OF HORIZ ANGLE (DGREH)
C SHLFS NO# SHIPS WITHIN HORIZ SECTOR OVER 0
C CONT SHELF AND IN SURFACED SOUND
c CHANNEL (ATLANTIC VLAM DATA CAL)

PIC C** TARGET/THREAT INPUTS ** (WHEN PROP LOSS NOT READ IN)
C

C ZTGl FT TARGET DEPTH 9LT. 0 NO TARGET -1
C ZTGNO NUMBER OF TARGET DEPTHS I
C ZTINC T TARGET DEPTH INCREMENT
C RGT KYD RANGE TO TARGET
C RGTNO NUMBER OF TARGET RANGES I
C RGINC KYD TARGET RANGE INCREMENT
C TARG *LTo 0.0 TARGO IS A TARGET LINE
C COMPONENT IN DB/MICROPASCAL
C *GE. 0.0 TARGO IS CONST IN TARGET
C SPECTRUM LEVEL EQU
C TARGO LEVEL OF LINE COMPONENT IN DB OR
C CONST IN SPECTRUM EQU
C TARGI COEFF OF ALOOIO(HZ)
C TARG2 COEFF OF ALOGIO(HZ)**2
C TARG3 COEFF OF ALOGIO(HZ)**3
C
C** OUTPUT AND PLOT CONTROL CAHDS *
C
C OUTPT OUTPUT DATA CONTROL PARAMETER -1
C oLE. 0 NO VIRT DIR PRINT OUT - ONLY
C TOTAL SECTOR LEVEL
C SNDLT .LE. 0 NO NOISE PLOT 0
C HFLAG *GE. 0.0 REG PLOT DATA CARDS 0
C ELIM PLOT DATA THAT DO NOT CHANGE
C SSPLT .LE. 0 NO VELOCITY PROFILE PLOT 0
C
C
C THREE ADDITIONAL CARDS REQUIRED AFTER PAUSE FOR NOISE PLOT
C (ONLY ONE SET FOR EACH FREG AND DEPTH LOOP)
C
C TYPE FORMAT EXAMPLE DATA CARD (IN ORDER)

4 C
C TITLE 4OA1 AMBIENT NOISE DIRECTIONnITYST NOTE (SO)
C LOCATION 13 A1 4020N 01715E
C DATE OAl 07 22 71

C TWO ADDITIONAL CARDS REQUIRED FOR SOUND SPEED PLOT
C
C LOCATIOt' 1 3 A1 4020N 01715E
C DATE 10A1 V7 22 71
C
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C** DATA CONTROL CARDS *
C

C HEADER USED BEFORE A MESSAGE STATEMENT
C PAUSE USED BEFORE EACH CONSECUTIVE RUN
C EXCEPT FIRST
C PRLOSS USED BEFORE EACH PROP LOSS ARRAY
C END-DATA USED AT END OF DATA OR BEFORE PLOT
C CARDS THAT ARE AT END OF DATA
C
C **************sBEGIN PROGRAM*******s****s
C

C

COMMON /COMV/ ZXeZTGeRMAXPPHIDPDELPHeBNCS#OUTPTeWSPDPDGREHeSNPLTeS
1SPLTuALATBERNGIHOUReACTIVeRAINIHFLAGiZTGLeZTGNOeZTINCeRGTIRGTNODR
2GINCTARGeTARGOPTARGIeTAHG2eTARG3eSHIPDISHLFRPSHLFS/COMA/AVELPC30)
3eAHB(30) ,ARESP(30) eASHIP(30) 1ABW(30) ,APROPC3O) .ADANF(30) ,NUMVNUMH
4eNUMRPNUMSNUMBWNUMPNUmF/COMX/CXZBMDPHICVALPHACDBION
COMMON HLOS(6960) ,RNG(6.60) eXANG(300) ,YDBC300)PJPleJCNTWINDITOTL
lItTOTLNt15itiTSTeNTSTPTHRMLPTHRO~tCDPZB~eVFLAGeBANDLCii) ,PRE3(11) P
2DB(11) ,BANDWPLOCAT(3)tDATE(2) eAVEL1(30) eASHII(30) ,TDB(180),TOEG(18
30) ,KPlTRECL.TLEVPTGDPIRTetQC300) .w(300) ,TYTLE(8 iCAPI(S) ,CAP2CI3)
4tCAP3(13) .CAP'&(13) ,CAP5(13) ,CAP6(8) .CAP?(8) uNMS2eFRE~tPHINC

DATA IPOZ/5HPAUSE/, IPOP/5HPRLOS/
DATA ZTG/20./eSHLFR/900./tSHLFS/0./IRMAX/500./tOUTPT/-1./
DATA RADCON/57.2957795/.sHIPD/5.2/ eNUMS/9/
DATA SNPLTSsPLTtPHIDDELPHeBNCStWSPD/.0#OtOe.O,70.,1O..5.O/
DATA (AHB(K) ,11e10)/0.vlOop20.913e6.40.e14o5e50..16.5e90.e17./
DATA D6REH/360./.ALAT/40./PNUMH/10/tHOUR/1500./
DATA ACTIV/*O/tSION/0*0/#RAIN/090/
DATA (ABw(I)vI:1.4)/O9OtO.e10#l0v00/
DATA NUMBW/4/tZTGI/-1.O/.HFLAG/0.O/,ZTGNO/1.O/PRGTNO/190/
DATA (ARESP(I)etl.l4)/-90.,O.0e90.tO.O/
DATA NUMR/4/
DATA (ASHIP(I),I1,t9)/93t1.94e154e5e215,2.92,2?7,2.1,337/

10 CALL READIN (IPOS)
HFLGI=HFLAG
JDPTH=O
JFREQ=O

C
C SORT FREQ AND DEPTH ARRAY INTO Two SEPARATE ARRAYS
C

00 15 KDF=IPNUMF
IF (ADANF(KDF) *LE. 2.0 6O To 11
JDPTH:=JDPTH+1
DPTH5 (JDPTH1 :ADANF (KOF)

110G TO 15
11 IFREQ:,JFREQ+1
FREQ9 (JFREQ):ADANF (KDF)

15 CONTINUE
0O 160 L3=1#JDPTH
ZX:DPTH5 (L3)A
DO 160 L4:1,tJFREa
FREQZFRE09(Lk;-7
IF (L3+LI. *GT* e) tFLIG=-l* 4
PTEST=:0 .
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C STO~RE FOR PRINT OUT ARRAYS THAT CHANGE
C

IF CVFLAG*GT*0.O) (su To 20
DO 20 I:1,NuMV
AVEL1(1)=AVFLP(l)

2nl CONTINUE
IF (L3+L4 .FG. 2) CALL PRINTS
JCNT=O
TOTLT=UOO
151=0
HORZI:1.OE-iB
IF CFRLo.LT..01.OR.FREQ.GT*.5) 60 TO 170

C
C MULTIPLE RUN CHFCK

IF (VFLAG#EaoO*o) CALL ERTHc
C
C CALCULATE 11 BANOWIUTH FREQUENCIF.S

I3ANDWZAtIW (NieMIW-1)
FSTHT * 5* (-RANDw+S(HT (BANDW*BANOW+4.*OE+6*FRFO*FREQ))
DO SO0 I=1t1i
88~5=1-1
FRE4(1):f3B5*BANDW*o1
FRE3(1)=FSTRT4FRE4(i)
BANDL(I):FUNU(ABWeFRE4(1) ,NUIPW)

C
C DETERMINE BIOLOGICAL SOURCE

IF (AsZTIV*0T*0*0) CALL 810
C
C CALcULATe SiP"ACE NOISE SOURCE INTENSITIES

CALL SUR'

ALPtIAC=ALFAi4O 0*0FREQ)

IF(SHLFS *Eat 0.0) GOTO 32

C CALCULATE IrNTENSITY/STERADIAN FOR NOR NOISE DUE TO DIST SOURCES
C CALISRATE HoR NOISF WITHi VLAM DATA (ASSUME JO SHIPS OVER SHELF
C AT hOO NM)
C

RDIST:SHLFR*aflOti*
SHLFD=10.s'ALOGIO(1 .gSHLFS)
RLOS=-86.4lh.*ALOG u (RDlST),ALPHAC* CRDIST*.Ofl1)

0BB1ALO~ilO (FRF3(J)46. )-.25

SL2=3.3*881-6.274
CORL:-38*

31 DBCJ)=-10e-1O.*ALOGI0(1U.**SL1*10.**SL2)-RLOS+SHLF0+CORL
CALL 8WIDTH(HORZI)

C
C CONVERT TO INTENSITY/HONIZ DEG
C

HORZI=HORZI*OGRF.H*. 0027777
32 CONTINUE

H0R!)B10.*ALOGIO(HOtZI/. 109662)+84.8856
C
C PHICH IS THF HALF ANGLE WIDTH OF SOUND CHANNEL SEEN BY RECEIVER
C SORSV IS SOijND SPEFU AT NOISE GENERATOR DEPTH
C

44/



CX=FUNUCAVELPPZXPNUMV)
PHICH=O*O
SORSV=AMINI (AVELP(2) .AVELP(NUMV))
IF(SORSV *GE. CX) PHICH:ACOS(CX/SORSV)*RADCON

T C
C SKIP RAYTRACE IF PROP LOSS READ IN

IFCPOS *EQo IPOP) GO TO 175
C

IF (SNPLT*LE.O.0 *AND* OUTPT *GT. 0.0) PRINT 180e
C
C

CS=AVELP (2)
PHIC:O#OoO0l

C
C SEARCH FOR MAXIMUM NEAR SURFACE SOUND SPEED

CM:CS
00 '40 1-1.NUMV#2
IF (AVELP(I)*GT*3000*0) GO TO 50
C=AVELP(I,1)
IF (C9GEsCM) C14:C

40 CONTINUE
50 IF (CMsLE.CS) GO TO 60

IF (CX*LT*CM) PHIC=ACOS(CX/CM).O.OOOO1
60 PHISC:RAOCIN*PHIC

C
ZBMZAVELP (NUMV-1)
CBMAVELP(NUMV)

C
C OBTAIN LIMITING ANGLE FOR BOTTOM REFLECTIONS

PHILIM:O.O
IF (CX*Lr.CS) PHiIM=ACOS(CX/CB)

C
C 'NITIALIZE PARAMETERS
C
C PHI LOOP
c

CALL PRERAY (0#000)
IBBO
ICZ:O

C
C OBTAIN INITIAL ANGLE INCREMENT

PHST:ABS (PHID) +0 .5*DELPH
PHND=PHST-DELPH
PHINCZDELPH/20. 0
PHI:PHST+PHINC
PHND=AMAX1 (PHISC .PHND)/RADCON

70 PHI=PHI-PHINC
PHIS=PHI/RADCON
.--F(PHIS.LT.PHND) GO TO 00

- IF (ICZ*EQ*1) GO TO 90
IF (PHIS*GTePHILIM) GO To 90
1BB=1

IF(ICZ *EQ. 1) GOTO 100

80 CONWTINUEH IN NOISE CURVE NEAR HORIZONTAL IF PHICH *GTs.9
C AN GETDISTANT SOURCE (NOR) NOISE COMPONENT
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JCNT=JCNT+1
151:hJP1+1
XANG(I51)=-PHICH*o7
XANG( 151+1):PHICH**7
YDB(151)=10.*ALOG10(1O,ý**(THRDB/10.)+10.**(HORDB/10.))+1009
XF(PHICH *LT. .5) YlDB%'151)YD8(JPl)
YDB(151+1)=YDB(151)
TOTLI:TOTLI*HORZI*2 .*PHICH
%JP12JP1+3

C INITIALIZE CZ FOLDING RAN~GE CHECK
CALL PRERAY (0#0#0)

IF(PHND sGTs PHILII4) GOTo 110
PHINC=PHILXM-PHIC
IF (PHINC*LE.O.0) GO TO 110
PHINC=-1 *4324*PHINC
PHI=(PHIC,09001 )*RADCON
GO TO 70

90 CALL RAPATH (ICZ#PHISvOELR)
IF (ICZ*EQ*i) GO TO 100
IF (XBB.EQ.1) GO TO 80
IF (OELR 9GT, 1.) PHINC~oe5*PHINc
GO To 70

C
100 CONTINUE

IF (PHISLT*PHILIM) GO To 70
110 CONTINUE

C
C CALCULATE OMNI NOISE LEVEL
C

IF (TOTLIeLE.O.O) GO TO 171
TOTLN=10.O*ALOGIO (TOTLI)+184.88'ýo
HOROB:HORDB+100s
FREI=FREQ*100000
PRINT 200p DGREHTOTLNFI4EIZX
CANGL=2.sPHICH
IF(SHLFS sGT. 0.0 *AND@ PHICH .GEe 0.) PRINT 220PHORDBPCANGL

C
C BYPASS TARGET IF PROP LOSS READ IN

IF(PTEST.EQ.1.O) GO TO 120
C
C

IF (ZTGI) 120,1.5ai130
120 IF (SNPLT*GTo0.O) CALL PLT (PTEST)

GO TO 150

*5C TARGET RANGE-DEPTH LOOP : 7

C V
130 NT:ZTGNO .4

NR=RGTNO
HTST=HFLAG
00 140 I=1.NR
00 140 iJ:1,NT
YT:-J-1
YR:-I-l
RTG=RGT+YR*RGINC
TGDP=ZTGi+YT*ZTINC

CALL TARGET
IF (SNPLT9GT9O.O) CALL PLT (PTEST) W
HFLAGC-1 *0
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140 CONTINUE
HFLAG=HTST

4150 CONTINUE
C
C PLOT SOUND SPEED PROFILE IF CALLED FOR

IF (SSPLToGT.0.0) CALL SsPLOT
C

160 CONTINUE
HFL.AG:HFLGI

IF (IPOý-EQ*.7'OZ) 6O TO 10

STOP

170 PRINT 210t FREG
6O TO 160

171 PRINT 190
GO'TO 150

C READ PROP LOSS INSTEAD OF CALCULATING IT
175 CALL AUXPR(IPOSIPH!CHPHORZI)

PTEST=1 *

6O TO 110

180 FORMAT (/////57X, 'OUTPUT'///24Xt3HPH198X,4HDPHIe8Xe5HMAX Rr5X#8HLO
ISS(DB)t6X#5HDB U~p6X#7H08 DOWNt3XPlOHl STER COW/

190 F(%RMAT (t TOTLI ZERO OR NEGATIVE - Go TO NEXT CASE')
200 FORMAT (//6XPF7*1,' DIEG SECTOR LEVEL =',F7*2o' DO FOR'eF6.1,t' HZ

IATIPF7*lo' FT DEPTH'/)
210 FORMAT (7H FREG =eFloo4t28HKHZ OUTSIDE 10-500 HZ REGION)
220 FORMAT (SXFISOFAR CHANNEL PER STR NOISE LEVEL ='F6*l,' DO FOR'F5@1

1#36H VERT DEG TOTAL CHANNEL 'LOOK' ANGLE/)
END

FUNCTION ALFA (T,F)
C
C INPUTS
C T DEG-F TEMPERATURE
C F KHZ FREQUENCY
c ALFA IS THE ABSORPTION COEFFICIENT

FSG:F*.F
FCUBE:F*FSQ
FLOG=ALOG (F)
TC=5#0*(T-32*0)/990
FT=(6*G*TC,118*0)/(TC+273.0)

z FT=21G9*EXP(2*3026*FT)
ALFAT=0*0542*EflP(Io5*FLOG)
FCUT=FCU8E/32s*768
IF (FCUT.LT*1.0) GO TO 10

bF2=I, 0-bF1
G0 TO 20

XO bF2=1.0/(le0+1.0/FCUT)
BF1=1&0-BF2

20 ALFAM:FSoi/FT*(0.650531 /*FT/(FT*FSQ/FT),0.026847)

ALFA=BF1*ALFAT+BF2*ALFAM
kETURN
LND
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SUBROUTINE AUXPR(IPOSPPHICHPHORZI)

C

C
C

COMMON fCOP4V/-ZX#ZTGtRMAXPPHIDPDELPH#BNCseoUTPTPWSPDDGREHtSNPLTeS
~ j 1SPL-TALATBERNGpHOURACTIVRAIN9HFLAGeZTG1,ZTV6NOZTINCtRGTtRGTNOtR

2GINCtTARGPTARGOTARG1eTARG2eTARG3tSHIPdtSHLFRPSHLFS/COMA/AVELP(30)
3,AHB(30) eARESP(30) PASHIP(30) ,ABW'30) .APROP(30) .ADANF(30) ,NUMVPNUMH
4tNUMRNUMSNUMBWtNUMPtNUMF/COMX/CktZBMPPHI.',ALPHACeBION
COMMON HLOS(6t,6O)PRNcOC6e60)eXANG(,3OO)tYDB(3O0)tJP1,JCNTtWINDIpOTL
11,TOTLIV'.5ltITSTtNTSTtTHRMLTHRDBeCDtZB1,VFLAGBANDL(I1) eFRE3(11)e
2DB(11)08ANDWPLOCAT(3)tDATE(2)eAVELIC3O)tASHI1(3O)tTDB(180)iu1DEG(I8
3D) eKPItTRECLeTLEVtTGDPtRTGtQ(300) tW(300) eTYTLEC8) pCAPI(8) ,CAP2C13)
-4tCAP3(13)PCAP4(1.3)tCAP5(13),CtAP658)eCAP7(8)tNMS2,FREtQiPHINC

C
DATA IPOZ/'PRLOSf/

~: Ic INITIALIZED PARAMETERS AR~E THE FOLLOWING
C

TOTLI=1 *OE-i8
TOTLIZTOTL I+HORZ 1*2 **PHI Ci
~JP1=O
HORDB = 1O.*ALOGIO(HORZI)+8498856
IF W~HICH *LT. .5) GO TO 1
QC1)=-PHICH**7
Q(2)=-Q(1)
W(l)=1O.sALOGIO(1O.**(THRDB/10.)+1O,**(HORDB/10.))+iOO,
W(2)=WCl).
XANG(1)=1.
XANG(2)z1.
JP1=2

C
1 CALL READINIZPCG)

C
C CALCULATE WIND NOISE DIRECTIONALITY FACTOR DIRS
C

CX=FUNU (AVELPPZX.NUMV)
CS:FUNU (AVELPteZTGtNUMV)
COSPH: COS(*01738*APROP(l))*CS/CX j-

IF(COSPH*GE#1.)COSPH:1.
PHI:ACOS(COSPH)
EXPN=5*729*PHI
IF(PHI*LT. .3491)EXPN=2*O
OCOEF=2. *FREQ-. 02
IF(FREQ*GT. .5)DCOEF=2.O
DIRS=i.+(SIN(PHI )**EXPN-I. )*(DCOEF)

C
RI=APROP(3)
SHI=FUNlS(ASH!IpRItNMSa)
PRI=APROP (4)
RECTI:1*OE-18

4 S1*Il
NS:2*I1+
IF(ASHII(NS).LE*APROP(3)) 0O TO 4
NP=5
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C SELFCT RANGE INTEGRATION INTERVAL

10 lFlAPROP(NP)-ASHII(NS))3o#20,40
20 HTEST:1.0

NSZNS+2
30 HIPI:APROP(NP)

PRIPISAPROP (NP+1)
SHIPl=FUNS (ASHII .RIPlpNMs2)
NP=NP+2
6O TO 50

A 40 RIPýZASHIl(NS)
PRIPI=FUNU (APROP. RPIP NIUmP)
SHIP1=ASHI.I(NS41)
NS=NS+e
IF(RTEST.EQ.19o) NP=NP+?

50 CONTINUE
C
C CALCULATE TOTAL SURFACE NOISE INTENSITY DENSITY FUNCTION
C DNI:A*RAN6E+B

HDIF=RXPI-RI
IF(RDIF*EQ*O.O) GO To 80
St",FZSHIP1-SHI
AZSDIF/ROIF
B'IIND=WINDI*DIRS
IiSHIP:SHI-.RI*A
U=BWIND+8SHIP
DNI=SHI416WIND4
DNIPI=SHIPL*BWIND

C
C CALCULATE PROP LOSS INTENSITY REDUCTION FACTOR
C FROM PROP LOSS S E*RANGF + F eW.'iERE F INCLUDES G THE LOSS
C DUE To THE BEAM PATTERN
C

PDIF=PRIPI-PRI
E=PDIF/RDIF
GSFUNU(ARESP. APRoP (1) NUmP)
F=PRI-RI*E-G
IF(ABS(E) sGE* *co00) Go To 60
REC!:6.282*1O.**(-.1*F)*( .3333*A*(RIPI**3-RI**3)+.5*8*(RIPI*RIPI
I-RI*RI))
GO TO 70

60 RECPE=Ioo/(E*2*3025)
RECIZ-6.2e2*RECPE*( lo*. C.. 1*PRIP ) * DNIPI* (R!PI+RECPE) 10.**
1 C-. *PRI ) * (NI* (RI.RECPEI)))
IFCABS(A) *GT. *o001) REclSRECI-6.282*A*RECPE*RECPE*Ci0e**(-.1*

IPRIPI)*(R1P142.*RECPE)-10.**C-.1*PRI)*(RI+2.*RECPE))
C
C CALCULATE LEVEL RECEIVED FROM HORIZ SECTOR AND TEST FOR LAST RANGE
C

70 ftECTI=RE--TZ+.D175*DGREH*pBSCRECI)+(THRMLeSION)*APR0P(2)
80 RIZRIPI

SHI=SHIPI
PRI:PRIPI
IF(NP*LT.NUMP) Go To 10

C
C STORE LEVEL AND AIJALE FOR OUTPUT AND GET TOTAL OMNI INTENSITY
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W(JPI):1O.O*ALOG1O(RECTI/APROP(2) )+18'4.8(56

XANGCJPI)=APRCP(2)
TOTLIZTOTLIRECTI

itIM(POS .EQ* IPOZ) GOTO I
C
C SORT AND GET MINIMUM LEVEL
C

1JP1MI=JP1-1
100 DO 110 K=1.JPIMI

IF(Q(L)o6ToQ(K))Go To 110
DUr4YQZQ L)
DUMYWZW CL)

~1 DUMYX:XANGCL)
C(L)=Q~(K)

W(L)=W(K)
XANGCL)=XANGCK)
QCK)=DUMYQ
W(K)=DUMYW
XANGCK):DU,4YX

110 CONTINUE

IF(JPIMI.GE*2)u30 TO 100

c PRINT OUT IF NO PLOT REQUIRED

IFCSNPLT.GT*O.O)GO TO 130

C PRINT 200
200D 120 K=1..JPI
10PRINT 21o.QCK)PWCK)

6O TO 1.50
130 00 140 K:1.PJP1
140 WCK):WCK)-10**ALoGlOCXANG(K))
150 CONTINUE
200 FORMAT(//I1X#9P141'e4Xt'LEVEL COB)l)
210 FORMATCF15*1,F10.1)

RETURN
END

SUBROUTINE 810
C
C THIS SUBROUTINE COMPUTES THE CONTRIBUTION OF BIOLOGICAL NOISE
C

COMMON /COMV/ ZXZTGIRMAXtPHID.OELPHBNCSPOUTPTWSPDOGREMPSNPLTPS
1SPLTeALATeBERN6PHOUReACTIVeRAINPHFLAGZTGIZTGNOeZTINCeRGTRGTNOPR
26INCtTARGeTARG0eTARG1.TARG2,TARG3eSHIP0,SHLFI~,SHLFS/COMA/AVELP(3o)
3.AHBC3O) .ARESP(30) .ASHIPC30) eABWC30) .APRoPC30) eADANFC30) PNUMVPNUMH
4&NUMReNUMSeNUMBWeNUMPNIJmF/COMX/CXeZBMpPHICPALPj4A~eBION
COMMON HLOSC6e60)IRNGC6.60),XANGC300)VYDBC300),,JPIeJCNTeWINDITOTL

IIPTOTLNPI51PtlST.NTSTPTHRMLITHRDBeCDZBIeVFLAGgBANDLC1I) ,FRE3C1),
20B(11) eBANDWPLOCAT(3)teDATE(2) .AVEL1(30) .ASHIL(30) .TDB(180) TDEG(la
30) eKPIPTRECLTLEVeTGDPPRTGgPQ(300) eWC300) PlULE(8) .CAP1(8) ,CAP2(13)
4aCAP3(13) eCAP4C13) eCAP5(13) eCAP6(8) tCAPC6) eNMS2tFREQ.PHINC
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ACT:ACTI V/S. 0
00 10 .J=1#11
k5B1=ALOG1O (FRE3fj))

C
C 8 IS THE DAILY FLUCTUATION
C

&3oO0175*(100.-FRE3(,fl)sSIN(.002618*(HOUR-300.))
8I101-26*6*BB1+20.
8102:28. *881-52.64

10 DB(J):-35.4-10.*ALOG1O(1o.**.(.*BIOl),10..*(h1*BI02)),B*ACT
1+2**ACTIv

CALL BWIDTH (82)
C COVRTONTNTYVRDE/RDE

C CONVERATCITsB*GEH*NSITY 2E-5D6H E
C

RETUN=AT8*GE*942-

END

SUBROUTINE BWIDTH (DINT)

C THIS SUBROUTINE INTEGRATES THE SIGNAL INTENSITY OVER BANDWIDTH
C ADD BANDwIDTH RESPONSE To NOISE SIGNAL

C
REAL LEVBW(11) eMIvMIP1

C
COMMON /COMV/ ZX.ZTGRMAXtPH1D.DELPHPBNCSPOUTPTWSPDOGREHSNPLTS
ISPLT.ALAttBERNGPHOURtACTIV.RAINUHFLAGPZTG1PZTGNOZTINCIRGT.RGTNOR
2GINC.TARGTARGOITARG1 ,TARG2,TARG3,SHIPDSHLFRSHLFS/COMA/AVELP(30j
3eAHB(30).ARESP(3o)eAsHIP(30)PABW(30),APROP(30)pADANF(30)eNUMVPNUMH
4PNUMRoNUMSPNUMBWNUMPtNUi4F
COMMON HLOS(6.60) eRNGC6.60) .XANG(300) ,YDB(300) ,JPIPJCNTWINDITOTL
1XeTOTLNUI51,ITST.NTSTTHRMLtTHRDBtCDuZB1,VFLAGIBANOL(11) ,PRE3(11)t
20B(l1),BANDWPLOCAT(3),DATE(2)PAVEL1(3o),ASHIIC30),ThB(jaO).roEo(jle
30)4'KPIPTRECLtTLEVPTGDPeRTGPQ(300).W(300),TYTLE(8)PCAP1(S),CAPg(¶3)

*4.CAP3(13).CAP*4(13)oCAP5(13).CAP6(8),CAP7(8)PNMS2,pRZQ.PHINC

C
DINTZ0O*

C OBTAIN EFFECTIVE LEVELS
C

DO 10 1:1,11
10 LEVBW(I)=DB(I)-BANDL(I)

C ;1
C INTEGRATE AND CONVERT To INTENSITIESA
C

00 30 1:1.10
FI:PRE3(I)FIPl=FRE3(141)

MIC(LEVBW(1+1)a.LEVBW(I)),(10,0.ALOGI
0 (FIp1,pI))

BI:LEVBW(I)-(ALOa1O(FI)/ALOG1O(FIP1,FI))*(LEVBW(1+1)-LEVBW(I))
SMB=3*2467E-9*10***(Bl/loo)
IF (MI*Eeo.1,0) GO TO 20
MIPI:MI+1.00
01N=(SMB/MIP ) * (FIPI**MlPlfmFI**MIP1)
GO TO 30

20 OIN=SMB*ALOG (FIPI/FI)
30 DINT:DINT+DIN
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C NORMALIZE INTENSITY TO ONE HZ
DINTZDINTIBANDW

C
RETURN
END

W., SUBROUTINE ERTHC
C
C THIS SUBROUTINE CORRECTS FOR EARTH CURVATURE EFFECTS
C

COMMON /COMV/ ZXeZT~eRMAXePHIDIOELPIIBNC*SeOUTPTeWSP~e0GREHSNPLTeS
R" ISPLTeALATeBERNGeHOUReACTIVRAINHFLAGZTG1IPZTGNOZTINC .RGTRGTNOR

2GINC eTARGe TARGO eTARGI eTARG2 PTARG3 eSHIPO PSHLFR, SHLFS/COMA/AVELP (30)
3eAHB(30) eARESPC3G) eASHIP(30) ,ABW(30) uAPROP(30) eADANF(3O) eNUMVNUMH
4PNUMRINUNSPNUMBW.NUMP.NUmF/COMX/CXZOMPPHICALPHACBION
COMMON HLOS(6e6O)eRNG(6e60)tXANG(300)eYD8(300):JPI*JCNT;WINDIPTOTL

2DB(11)I3ANDWPLOCAT(3)DDATE(2)PAVELI(30)tASHI1(30),TDBCIBO),TDEG(18
30)PKP1PTRECLPTLEVPTGDP.RTGQ(300),wc300)tTYTLE(8)PCAPI(8)OCAP2(13)
'4eCAP3(13)tCAP4(13)#CAP5(13),CAP6(8) .CAP7(8),NMS2,FREQPHINC

C
DATA RADCON/57*2957795/
DATA AB/43642464,29E7/pASQ/43789O29,OOE7/rBSQ/43496390.14E7/

C
C STORE ORIGINAL BOTTOM DEPTH FOR PLOT DATA

ZB1:AVELP (NUMV-1)

r C EARTH CURVATURE CORRECTION
C

JPAIRS:NUMV/2
ALATZALAT/RAOCON
SINL=SINCALAT)

lkiCOSL:COS (ALAT)
SiNLQ:SINL*SINL
COSLQ:COSL*COSL
ROL:AB/SQRT (ASQ*SINLQ*BSQ*COSLQ)
00 10 !:1,JPAIRS
12:2*!
AVELP(12)=AVELP( 12)*ROL/(ROL-AVELP( 12-1))
AVELPCI2-1)=AVELP(12-1)*(1.e.CAVELP(12-1)/C2.*ROL)),(CAVELP(12..1)/R

10 CONTINUE
VFLAG:.oO
ALAT=ALAT*RADCON
RETURN
END
FUNCT~ION FUNS(A#XtN)

C
C THIS FUNCTION INTERPOLATES THE SHIPPING HISTOGRAM
C

DIMENSION AM1
ILAST=N
1=1
IFCX*GT*A(I).AND.X*LE*A(ILAST)) GO TO 10
FUNS=0O*
RETURN

10 I=1.2
IF(XoLE*A(I)*AND.X*GT*A(i-2)) GO TO 20
GO TO 10

20 FUNS=A(I-1)
RETURN
END
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FUNCTION FUNU (AX#N)
C

DIMENSION AMi
ILAST:N-1
x11
IF (X*GT.A(I;) Go TO 10
FUNU:A(2)
RETURN

10 1=1+2
IF (X*LE.A(I)) Go TO 20
IF (IoLT.ILAST) GO To 10
6O TO 30

20 IF (ACI)sEQ9A(I-2)) GO to 30
IF (X.EQ*ACI)) Go TO 30
FUNU:A(1-1)4CA(1e1)-A(I-1) )/(A(l)-A(I-2) )*(X-A(I-2))
RETURN

30 FIJNU=A(1.1)
RETURN
END

SUBROUTINE HLOSS (PHIEeReSPORDPPGRADeHKSR)
C -

C THIS SUBROUTINE COMPUTES ABSORPTIONCHK)t SPREAC1ING(HS)s
c AND REFRACTION(HR) LOSSES.
C
C

COMMON /COMX/ CX.ZBMPHICPALPHACeBION/COMCT/CVTANPHS
C

DATA FM4IN/ * 0E-6/#eFMAX/1 *0E12/
IF CABS(PHIE)oLT,0*0001) GO TO 10
FOCUS=ABS(CV/CX*R*SIN (PHIE) *DRDP)

6O TO 20
10 FOCUS=ABSCCV/CX*R*TANPHS*CV/6RAD/3000.0)
20 IF (FOCUS.GT.FMIN.ANO.FOCUS.LToFMAX) GO TO 30

PRINT 40t PHIEPR#DROPPGRAD
CALL EXIT

30 HKSR=6o.o+10.O*ALOB10 (FOCUS)+ALPHAC*S
C

RETURN
C I

'40 FORMAT C5XIPHIE.R#DRDPPGRAD'p4E1296)
END

FUNCTION HSURF CNvNP)
C

-c THIS SUBROUTINE COMPUTES SURFACE REFLECTION LOSSj
C
C -N =NUMBER OF REFLECTIONS
C NP:PATH TYPE

C NP PATH REFL'S
C 1 DU N-1
C 2 DD N
C 3 UU N
C 'I 1) Nil
C 5 DP 0
C 6 SRI
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M7

DATA HS/0*5/
14 C

00 TO (1~p2,2O.2030t40v50)# NP
1,0 ENSN-1

6O TO 60
20ENS=N
200 TO 60

30 ENSZN+l
630 TO 60

'40 ENS:0*Q
GO TO 60

50 ENS=1*0

60 HSURF=ENS*HS
C

RETURN
END
SUBROUTINE PLT (PTEST)

C THIS SUBROUTINE PLOTS THE DIRECTIONAL AMBIENT NOISE

C
COMMON /COMV/ ZXZTGRMAXePHIDPDELPHBNCS.OUTPTWSPDtDG;REHSNPLTS
ISPLTALAtBERNGHOUR.ACTIVRAINHFLA3tZTG1,ZTGNOPZTINC ,RGTRGTNOR
2GINCtTARGTARGOTARGI ,TARG2,TARG3tSHIPDSHLFRSHLFS/COI4X/CX(,ZBM.PH
31CtALPHACtBION
COMMON HLOSC6,60),RNG(6e60).XANGC300)tYDB(300-),tJPl.,JCNTtWINDItTOTL
1IeTOTLN,15lITSTNTSTTH4RML.THRDBtCDZBIVFLAG.BANOL1ii).FRE3C11),
20B(11) ,BANOW.LOCATC3) .DATE(2 eAVEL1(30) eASHII(30) ,TDB(180) .TDEG(18

k 30) IKPITRECLtTLEVTGDPRTG.Q(300) eWC300) .TYTLE(8) ,CAPI(8),CAP2CI3) J
'4,CAP3(13)tCAP4(13)PCAP5(13)tCAP6(8),CAP7(8),NMS2,FREQPHINC

C INTEGER PN

DATA BERNS/270 ./tPN/0/
C

cTCCD,80 *0
IBR:BERNG
IDGRZDGREH
DOMAX=-1000.

C
IF (HFLAG.LT*0*0 *OR*HFLAG.GT*0*0 *ANDsNUMF*GT.1) G0 TO 10
READ (5t160) (TYTLECI)tI:1,8)
READ (5#160) (LOCAT(I)tI:1,3)
READ (5#160) (DATE(I)tlI1,2)

10 CONTINUE
C
C -SET UP AND PRINT OUT HEADINGS IF REQUESTED
C

ENCODE ('40.I6OvCAPl) (TYTLECI)v 1:1,8)
wSP1:wSPD
FRQ:FREQ*100090
ENCODE(6'4,22OPCAP2) (LOCAT(l).11,p3)tFRQ 4
ENCODEC6I,230,CAP3) (DATECI) .1:1,2) .ZX
ENCOOE(6'i.2'0#CAPI) wSPI .TOTLN
ENCODE4614t250#CAP5) ZB1,jDGRPIBRv
IF (OUTPT oLE. 00) Go TO 15
PRINT 200t (CAP2CI)tI:1,13)
PRINT 200. (CAP3CI)tI:1,13) -

PRINT 200t (CAP4(1)tlIl1,3)
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PIIINT 200. tCAP5(Izlzx1,1)
PRINT 170
PRINT 180

AS CONTINUE
IF (PII.LE*0) CALL BALLPT (OPEN 2 BLACKS9)PS PNZPN.1

C SKIP SORT IF PROP LOSS READ IN
ZFCPTEST*EQ.1.0) 60 TO 151

C
C SORT DATA AND SET MAX AND MIN GRAPH LIMITS

20 N0O
%;=151-1
DO 30 I:1,Jv2

Q(N)=XANG(l)
IF cYDB(I)*LEvcr)) TD8(I)zCD

30 W(N)ZYDB(I)
M=O
D0 40 1:151#4P1#2

N=JCNT-M*1
Q(N) :XANG (I)
IF (YDB(z)*LE*CD) YDB(I)=CD
IF (YDB(I)oGE.CT) YOB(I):CT

40 W(N)=YDBC!)
N=JCNT
L=151+1
00 50 I:LtJPP,2

Q(N):XANG(l)
IF CYDB(I)*LE*CD) YDB(I)=CD

IF (YDB(I).GE.CT) YOB(I)=CT
50 W(N)=YDBCI)
60 M=0

00 70 1=2t151,2

N=JP1+1..4
Q(N)ZXANG(I)
IF (YoB(I).LE*CD) YDB(I)zCD

70 W(N)=YDBCI)
C

kC PRINT ANGLE AND LEVEL WHEN PROP LOSS NOT READ IN IF REQUESTED
IF (OUTPT 96T9 00) PRINT l90tQ(I)#W(I)PQ(-JPI)PW(,jpi)

90 1=1+1
IF (I*GE.JCNT) G0 TO 110

IF (SUM-1*0) 90,100,100
100 L=JP1I,14

IF (OUTPT 9GTo 0.) PRINT 19O#Q(I)tW(I)pQCL)vW(L)
GO TO 80

110 IF (OUTPT oGT. 0.) PRIN~T 210
CALL BGNPL (1)
CALL PHYSOR (2.0.1.5)
CALL TITLE (CAPI#.-1ooto,0,0eo,7*Ot5o5)
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w-n,

CALL ENDGR (1)
CALL PHYSOR (2.01.5)*
CALL TITLE (IN *a'1p'VERTICAL RECEIVED ANGLE CO)DEGC))S',100.'NOISE
I LEVEL (4)0 RE (M)PA /STR HZ()S'el00v7.oI4*8)
CALL HEIGHT kol)
CALL ANGLE (90.0)
CALL MESSAG('25*,00t-97.5.2)
CALL RESET ('ANGLE')
CALL RESET ('HEIGHT')
CALL YTICKS (2)
CALL XTICKS (3)
CALL FRAME
CALL YAXANG (0.)
CALL INTAXS
CALL MIXALF ('/CGREEK')
CALL GRAF (-90o0*30o0s,90.OCDp1O0*,CT)
CALL RESET ('MIXALF')
CALL HEADIN (CAP2tIOO,1,J.)
CALL HEADIN CCAP3#100#1eaI)
CALL HEADIN (CAP4#1O0#e1.q)
CALL HEADIN (CAP5#100.1.ag)
CALL CURVE (QPWPJPI*0)

c PLOT TARGET LEVELS IF CALLED FOR AND PROP LOSS NOT READ IN
C

IF(TGDP*LE*0.0.OR*PTEST*EQ*1*0) 6O TO 130
KPU3*KPI
D0 120 I:3tKP3t3

Q(I-2)=TDEG(J)
Q(I-1)CYDEG(J)
Q(l):TOE9(J)
W(I'm2):Co
w,(I.1:TDS(J)

IF (DBMAX*LT.TDBtJ)) DBSaAXZTOB(iI)
IF (W(1-1)oLE*CD) WCI-1)=CD

120 IF (W(11I)oGE.CT) W(1-1)=CT
IZTG1:TGDP
ENCOOE(64p260vCAP5) IZTGIPRTG
ENCODE(61.,270,CAP4i) TRECLFTLEV
ENCOOE('0#280PCAP6) OBMAX
ENCODE('I0,290#CAP7)
CALL HEIGHT (*I)
CALL NESSAG (CAP7.IO0,SI.7,'.45)
CALL HEIGHT (.07)
CALL MESSAG (CAP5.l00tot4.3,..)
CALL MESSAG (CAP..e10,e.4ea4#.1)
CALL MESSAG (CAP60IOO.'I.4#3995)
CALL DASH
CALL CURVE (QeWIKP3po)
CALL RESET ('DASH')
CALL RESET (SHEIoHT')

130 CALL ENDIPL (0)
C

RETURN
C
C PRINT OUT ANGLE AND LEVEL WHEN PROP LOSS READ IN IF REQUESTED
C

151 1:0
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152 1:1+l

IF (OIJTPT sGT. 0.) PRINT 190t C)wJ,~~~x
IFCJ-I-2) 1544,153#152

153 IF (OUTPT *GT, 0.) PRINT 190, Q(Jwl),W(J-1)15I41 CONTINUEIH
60 TO 110 CI

10FORMAT (1.0)e2~2
2170 FORMAT (//7lX#9D/ ANG 08 RH~lE MCOAC LE*.2/STERADIA ANGLE95XIIHN

230 FORMAT C14X5ATEG',l3X,25.OX'RCDa P (Fj~t5cE)#jQX;7HtSe
240 FORMAT (3xv~i~DSEo (KT) '.'0:F9,1.12,ScO EE tj)da19)

I,250 FORMAT ('OTO OPh F)'F8ll2,iZ EC(OG*,5V TIS,

210 FORMAT (IXtgZ~t Da TRGE MCOAT',FIL**/T' K DI NZS ~l)l
270 FORMAT (9DAT1vl3Xp2REC F pR~ME71, DEPT S0FCTs)?llp95

280 FORMAT IF~oloz 05 MAX ONE DE:OREE AVERAGEst'
290 FORMAT (I TARGET DATA S9)

SUBROUTINE PRINTS
c
c THIS SUOv*R.UTrwE PRINTS THE INITIAL PARAM4ETERSc'

C DIMENSION DOUT(241
C

COMM4ON /COMV/ Z~Z'vMX~~~DL~BCPUPWP)DR,,NLo

3UAHS(30)#AESP(3 o)0ASHP(30)AB (30)PAPROP(3OtADANF(30)oNUMVPNUMH
4vNUMRfNUMSvNM8WvNUMP#NVMF

COMMON HLS66~RG~6~XN(0)YB30pP*CTWN~TT

30) PKP1,TRECLTLEVT DPPRTGPO(3OO) d(300) ,TYTLECO) CAP1 t) ,CAP2(13)
4eCAP3(13 PCAP4t13) .CAP$(13) nCAr'6(8) CAP7(6t#MZ ROPHN

UATA r3LANK/SH
C

C SORT SHI4PPING H1ISTOORAM ARRAY

Kx-1
I KK4~2

liE*0ZNUMS) 8* TO 4.

WtI)=4000o ,



I2 IF(ASHIPCK42)oGE,090) GO TO I
IF(ASHIP(K+2)*LEa50*) Go TO 3
wCI)=-ASHIP(K+2)

GO TO 2
3 W(I.1)=-ASHIP(K*2)

K:Kg1
GO TO 2

4 QtI)=ASHIP(K)
w(I)=200000

W(1+1O=0000

MAXZMAXO (NUMVPeNUmR ,NuMHPNUMQtNUMBW)iic
c PRINT INPUT VARIABLES

PRINT 70
PRINT 80# FREQZXZltGPHIDeDELPHtBNCSIWSPDDGREHBERNGeHOURsPACT!Ve
IRAINeALATSNPLTVSSPLTHFLAGtZTGIZTGNOPZTINCRGTRGTNOPRGINCTARGP
2TARGOOTARGITAR62tTARG3,SHIPDPSHLFRtSHLFS

PRINT 90
PRINT 100

C
C PRINT ARRAYS

00 60 tJ:1,NAXP2GTO2 VLCJ1
00 101=124

20 I (JGT*NMH)Go TO 30
ENCODE(20,X11ODOUTC6)) AHB(J) ,AHB(I4+1)

40 IF (4.GT*NUMQ) Go TO 50

IF (SUI4.LT*55000.) GO TO 41
ENCODE(25#130#DOUT(liI)) QCJ)PQ(J,1)
60 TO 50

41 IF (SUM*LT43500O.) GO TO 42
~:ENCODE(25*130P00uT(14)) Q(%J),QC'j41)#w(j)4

42 IF CSUvTs?.al,5O0O.) So TO 43
t ~ENC0DE(25r4DDOeOUT(1a.)) G(J)#QCJ,1)#W(J+1)

G0 T0 so
43 ENCOOE(25PI30PooUT(1'4)) Q(J)tQC'J41)#W(J)tW(,J+I)

60 O so5
44ENC0DEt2oI30tOOUT(14)) aCJ)

50 IF (J*GT*NUM0W) GO TO 60
ENCODE(20#110*OOuT(19)) ABW(~J)#ABw(Je1)

60 PRINT 120p 40OUT(K)tK:1*24)

RETURN



70 FORMAT (////u.SXe'** INITIAL PARAMETERS *'/
80 FORMAT ISXIFREQ =t F6939 KHZt5XIZX =IF6*lt FT'6X*ZTG :9F691
I' FT96XVPHID ZtF6.11 DEGM5XDELPH :'F6*1* OEGt/gXtBNCS 9IF6olp9X
2tWSPD ZtF6o1' XT '5XtOGREH =OF6*1' DEG'5X'BERNG :'F6elt DEG*5XtHO
3UR =#F?,2/8X*ACTIV ='F6.,pgXIRAIN ='F6.1' IN/HR93XtALAT =tF6*19
4 OEG'SXISNPLT :vF69lp9XtSSPLT =tF6o1,8XtHFLAG =tF6o1,9XIZTGI =tF6
5.1' FT96XtZTGNO =tF6o1u9X'ZTINC ZOF6*19 FTt6XORGT =IF6*19 KYD t/
68X*RGTNO ztF6o1V9XfRGINC 'tfto1' KYD 94XtTARG =9F6*lp9XtTARGO =tF
76ol#9X#TARGI =#F6.1/8XtTARG2 =OF6*1,9X'TARG3 =tF6olt9XtSH1P0 =IF6*
81.9XQSHLFR =tF6*19 NMIfSX9SHLFS =tF6.1///)

90 FORMAT C11XI~VEL PROFILEtt9XP'BOTTOM LOSS',10XetSEAM RESPfp9XtSHIP
IPIN6 HISTOGRAM' iIIX. BANoWIDTHf/)

100 FORMAT ( 9Xe' FT FT/SECt#IOXeIOEG DBIP12X#O0EG D8'e7Xe' NM
11 SHIPS KT FT' e8Xe'HZ OB DOWN*/)

110 FORMAT CFlOolPF8.1)
120 FORMAT (24A5)
130 FORMAT (F7s1.2F61,tF6.fl)
140 FORMAT (F7s1eF691e6XvF690)

END

SUBROUTINE RAPATH (ICZPPHISPDELR)
C
C TKIS SUBROUTINE GENERATES RAY PATHS AN~D CORRESPONDING
C PROPAGATION LOSSES FOR 8B AND CZ MODES. RAY PATH
C COMBINATIONS ARE OBTAINED FOR UP TO NMAX BOTTOM
C REFLECTIONSCOR REFRACTINONS) FOR EACH D/E ANGiLECPHIS)o
C

DIMENSION SX(4)v STCI&)
¶ C

COMMON /cOMV/ ZXZTGRMAXePHIDPDELPHBNCSIOUTPTPWSPDeOGREIMeSNPLTS
ISPLTPALATeBERNGeHOUR.ACTIVIRAIN9NFLAGIZTG1,ZTGNOPZTINCRGTeRGTNOeR
2GINCtTARGtTARG~tTARGIITARG2PTARG3tSHIPDSHLFRtSHLFS/COMA/AVELP(30)
3eAHBC3O) ,ARESPC3O) .ASHIP(30) .ABWC3O) .APROP(30) .ADANF(30) ,NUMVNUMH
4,NUMReNUMSPNUMBWgNUMPeNUmF/COMX/CXeZBMiPHICPALPHACPBION/COMCT/CVeT
5ANPHS

COMMON HLOS(6e60)eRNGC6.60)eXANGC300),YDB(300),JP1,JCNTPWINOITOTL
1IeTOTLNPI5IIITSTeNTSTPTHRMLUTHRDBPCDZB1,VFLAGeBANDL(I1) tFRE3(11),
2DB(11)PBANDWeLOCAT(3),DATEC2)tAVELI(30)PASHI1C30),TDB(180).TDEG(18
30) ,KPITRECLTLEVtTGOPRTGQ1300) .WC300) ,TYTLEC8) eCAPI(8) .CAP2t13)
4,CAP3C13) ,CAP4(13) eCAPS(13) ,CAP6CS) eCAP7C8) uNMS2iiFREQgPHINC

C
DATA RADCONi'5?o*2957795/
DATA CSXCI),I:194)/m1.O,.1.O.1.O.1.o,
DATA(S()1e)m.e.plO10

C
C

COSPHS-COS (PHIS)
CV:CX/COSPHS
CALL VERTEX (ZLO#ZHI)
IF (ZTG.LT.ZHI*OR*ZTG.GT.ZLO) 60 TO 90
TANPHS=SIN (PHIS) /COSP.HS
PH1257*296*PHIS

C RAYiRACE FROM SOURCE TO BOTTOM
CALL RAYTRC (PHISPZXZBMSXBRXBeDRXBoPHIBOToGRADBeZEND)
BRL:FUNU CAHBeRADCON*PHIBoT.NUMH)

C
C RAYTRACE FROM SOURCE UP TO SURFACE

CALL RAYTRC C-PHISo0O OZXSXSoRXSIDRXSPHIEPGRADSoZEND)
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ZSURF=O~o
NS:0
IF (PHIE*NE*09O) GO TO 10
IF (ZEND.NE*O.O) NS:1
ZSURF:ZEND

L10 CONTINUE
IF (ZTG.EQ.ZX) Go TO 20

C RAYTRACE FROM SURFACE (OR VERTEX DEPTH) DOWN TO TARGET
CALL RAYTRC (PHIEPZSURFPZTGPSSTeRSTDRSTPHNDGRADTZEflD)

C
C DIRS IS THE NOISE SOURCE DIRECTIVITY
C

EXPN:5o*729*PHNO
IF (PHND*LT*93491) EXPN=2*0
OIRS:1.+CSIN(PHND)**EXPN-1. )*(2.*FREG-902)
IF (ZENDEQ*ZTG) GO TO 30
WRITE (6v100) ZEND
6O TO 30

20 SST=SXS

DRST=DRXS
PHND:PHIs

C
30 CONTINUE

R=2 *0*RXB.RXS-RST
C
C LIMIT TO FIVE BOTTOM BOUNCES

IF (ICZ.EQ*O.AND.NMAX.GT.5) NMAX=5
D0 40 N1IPNMAX
EN:N
HBOT=Oo0
IF (ICZeEQ.O) HBOT=EN*BRL
RN-290*EN* (RXB.RxS)
SN:2oO*EN*(SXB+SXS)
DN=2 * O*EN*(CDRXB4ORXS)
DO 40 K:1,4
PS:-SX(K)*PHIS
IF (PS*LT*PHMIN*OR*PS*GT*PHMAX) GO TO 40
RKZR14+SX (K) *RXS+ST (K) *RST

C
C MAXIMUM RANGE CHECK
C

&SKZSN+SX (K) *SXS*ST (K) *SST
DK=DN+SX (K) *DRXS+ST(K) *DRST

C
C ELI1MINATE CAUSTIC BY RESTRICTING OK

IF (ABS(DK)oLE*1.) DK:1.
C

HSB=HSURF (NPK),H8OT
CALL HLOSS (PHND.RKPSKODKPGRADT#HK)
HK:HK+HSB+FUNU (ARESP, SX (K) *PHI eNUMR)
CALL SUMINT (K#N#NMAXPRKPHKPPHIPDIRS)

40 CONTINUE
C
C
C DIRECT PATH

41 K=5

IF (ZX-ZTG) 50,80,60

60
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50 FN:PHIS
PX:PHIS
GO TO 70

60 PN:-PHIS
PX:-PHIS

70 RK=ABS (RXS+S*RST)
IFf(PN.LT.PHMIN.OR*PNGT*PHMAX) GOTO 80
SKZABS (SXS+S*SST)
OK=ABS (ORXS+S*ORST)
HS=HSURF(1eKI

4 CALL HLOSS (PHND@RKtSKoO~oGRADTPHK)
HK=HK4HSFUNU CARESPPPNoeNuMR)
CALL SUMINT (KPN#NMAXPRK#HK(ePHIPDIRS)

80 IF CKoEQ.6) GO To 90
C
C SURFACE REFLECTED PATH

K=6
N=NMAX,2

PN=-PHIS
PXrnPHIS
GO TO 70

C
90 CONTINUE

DELR=R.RLAST
RLAST=R
RETURN

C
ENTRY PRERAY
NTST=0
ITST:1
RLAST=200. 0
NMAX=BNCS
PHMAX*PHID.0 .5*DELPH
PHMIN=PHMAX-DELPH
IF (PHMIN*GE, 0.0) ITST=2
PHMAX=PHMAX/RADCoN
PHMIN:PHmIN/RADCoN
RETURN

C
100 FORMAT (//5Xp4HZENoEl~.6//)

END

SUBROUTINE RAYTRC (PHIS.ZUP.ZLO.SPPRPPORDP.PHIENDPGRADtZNPl)
C
C
C PHIS POSITIVE MEANS DOWN-GOING RAY, TRACES FROM ZUP TO ZLO
C PHIS NEGATIVE MEANS UP-GOING RAI# TRACES FROM ZL.O To ZUP
C

COMMON /COMA/ AVELP(30).AHB(30)IARESP(30)tASHIP(50),ABW(30).APROP(
130) eAOANF(30) PNUMVPNUMH.NUMRNUMSNUMBWNUMPNUIF/COMCT/CV.TANPHS

C
C

is RPO0*0

DRDP=0*0
SINPN=SIN(PHzS)
COSPMrCOs4PHIS)
PHIN:PHIS
I'4:
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C TEST FOR NEGATZVE PHISTAkT
IF (PHISLTsoo0) GO TO 20

C
C PHIIS POSITIVE, DOWN-GOING RAY

ZN:ZUP
10 NUI4:N

LL:1
GO TO '40

C PHIS5 NEGATIVEP Up-GOING RAY

20 ZN:ZLO
30 NUMZNUMV-N

LL:-2

40 AZNZAVELP(NUM!
IF ((ZN*LToAZII)*AND.CLL*EQ#1)) Go To So
IF (CZNoGToAZN)*AND*(LL*EQ#2)) Go To so
N:N,2
60 To (1op3o)o LL

C
50 ZNPI:AZN

IF (ABS(ZNP1-ZN).LTcoO#01) Go TO 150
I F (ZNPI~.GT-ZLO) ZNPI=ZLo
IF CZNPI*LT*ZUP) ZNP1=Zup
CN:FUNU (AVELPP .,NUM/)
CNPI:FUNu (AVELP#eZNPIPNUMV)

C
c TEST FOR VERTEXING RAY

'IF (CNP1.GT*CV) 6O TO 60
PHINPl=ACOS (CNPlICV)
IF' CPHIS.LT.O.0) PHINPI=-PHINPI
COSPNI=CNP1/CV,
SINPN1:SQRT (10 -COSPN1*COSPNI)
IF (PHIS*LT*09O) SINPNI:-SINPNJ

60 To 70
C
C VERTEXING RAY COMPUTATIONS

60 ZNPI:ZN.9CCV-CN)/(CNP1I.CN)*(ZNP1..ZN)
CNPI:CV
PHINP1=0.0
COSPN:.oo
COSPN=1:.
SINPN1:O09

70 DELZ:ZNPI-ZN
C
C TEST FOR VERTICAL PROFILE

IF (ABS(CNPI-CN).GT*osoooo0i) GO TO 80
C
c VERrICAL PROFILE COMPUTATIONS

DELRP=DEL2Z*COSPN/SINPN
RP=RP+OELRP
DELSP:DELRP/COSPN
SPZSPDELSP
GO TO 90

C
80 GRAD:(CNPl-CN)/OELZ

RHO=CVfGRAO
DELRP=RHo* (SINPNftSINPN1I
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ItP:RP4OELRP
LJELSP:RHo* (PHIN*PH!NPI)
IF (DELSP*LT*000) ITEST~1
SP=SP+OELSP

C
90 CONTINUE

IF (ITEST.NE.0) WRITE (6.160) ZNPZNPlCNPCNPLeCOSPNCOSPN1,RPSP
ITESTZ0

C
C TEST FOR LAST TIME THRU FOR VERTEXING RAY

IF (ABS(CV-CNPI).LT~o000001) GO TO 120

C TEST FOR HORIZONTAL ENTRANCE RAY.
IF (ABS(PHIN)*LT.O.OoO1) GO TO 100
IJRDP=ORDP-DELRP/sINPN/S!NPNI
GO TO 110

100 URDP=DRDP-RHO/ABs(SINPNI)
110 CN=CNP1

ZN=ZNPI
PHINZPHINPI
NZN42
SINPN:SINPNI
COSPN=COSPNI
IF ((ZNPj..EQ.ZLO.*OR.(ZNP1.EQ.ZUP)'1 GO To 130
IF (PHIS) 30#10P10

C
C VERTEXING RAY - MUST EXIT

120 CONTINUE
UROP=DRDP+RHO/ABS (SINPN)
PHIEND=0,*0
GO TO 140

130 PHIEND=ABS (PHINPI)
140 RP:RP/3000*O

SP:SP/3000*0
URDP=DRDP/30 00. *TANPHS

C
RETURN

C
150 WRITE (6#170) ZNel

C
RETURN

160 FORMAT (1X2HZN1OX4HZINP1BX2HCN10X4HCNP18X5HCOSPN7X6HCOSPN16X2HRPIOX
12HSP/8E1296)

170 FORMAT (//'ZNP1=ZNZ'E1094)
END

SUBROUTINE READIN (WORD)
C
C THIS SUBROUTINE READS THE INPUT PARAMETERS
C

INTEGER PAUSEtPARAMHEADERENDATAPPRLOSPWORDPBLANK .ASTRSKeDOTVNAM
IEPANAt4EeSLSHPDATAPEQU

COMMON fCOMV/ VRBL(31)/CuMA/ARRAY (30,7) ,NUMA(7)/COMH/IHDR(16) /COMXI
1/CXtZBMtPHIC ,ALPHAC eBION
COMMON HLOS(6t6O)IRNG(6160),XANG(300).YUa(300),JPl.JCNTWINDITOTL
II.TOTLN,151e ITSTNTST.THkML*THRDDCD.ZBitVFLAG.BANDL(11) .FRE3(11)e2LB(11) eBANUWLOCAT(3) ,DATE(2) ,AVELI(30) tASHII(30) .TOB(180) .TDEG(18

4tCAP3(13) ,CAP4(13) .CAP5(13) .CAP6(8) .CAP7(8) .NMS2.FREQPPHINC
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DIMENSION VNAME(31)t ANAmE(7)t DATA(S), IDATAC16), Jr'.ýTA(81)
DATA (VNAME(I)#I:1,3l)/5HZX P5HZTG o5HRMAX #5HPHID t5HDELPHt5HB
INCS t5HOUTPTt5HWsPD t5HOGREHt5HSNPLTp5HSSPLTt5HALAT #5HBERNG#5HHOU
2R #5HACTIV#5HRAlN t5HHFLAGt5HZTG1 t5HZTGNOt5HZTINCo5HRGT t5HRGTNO
3#5HRGINCuiSHTARG .5HTARGO, 5HTARGI e HTARG2,5HTARG3,5HSHIPDv5HSHLFR,
4SMSHLFS/
DATA NV/31/
DATA (ANAt4E(I)#l Ilt7)/5HAVELP#5HAHB #5HARESPv5HASHlPt5HABW PSHAP
IROP, 5HAOANF/
OATA NA/7/
LiATA PAUSEPPARAMPHEADERPENDATA#PRLOS PBLANK#ASTRSKPDOT/'PAUSE' ,'PA
lRAM0#9HEADE'plEND-O'.'PRLOS',' l,l*te'.t/
DATA KOMA/000/#SLSH/t/'/#EOU/9''/
DATA KINN/1/#KOUT/2/
IF (WORD.NE@PRLOs) WRITE(6#230)

c
C READ AND PRINT INPUT CARL,

10 READ (5P240) KINNe(IOATA(IX)#1X=1#16)

WRITE (6#240) KOUT#CIDATA(IX)#IX:1e16)

DECODE(80,250PIOATA) (%JDATA(%iX) JX=1#80)

C SEARCH FOR BEGINING OF LABEL
C20 00 30 J=Kt8O

IF (JDATA(~J)#EQOKOMA) ~JDATAGJ)=BLANK
IF (JDATA(J)*EQ*SLSH) IJDATA(J)=BLANK
IF (tJDATA(J)*NE.BLANK) Go TO 40

30 CONTINUE

C 0 GTO 10

C FIND THE END OF THE LABEL
40 00 50 K=J#80

tF (JDATA(K)6E(Q-EGU) 60 TO 60
IF (%JDATA(K).EQ.BLANK) Go TO 60
IF (JDATA(K)*EQ*KOMA) GO TO 60
IF (.JDATA(K)*EG*SLSH) GO TO 60

50 CONTINUE
GO TO 80

C
C PACK UP TO FIVE CHARACTERS OF LABEL INTO CONTROL WORD

60 K5:K
~JDATA (K)=BLANK
IF (K-J.GTe5) K5:J+4
DATA (1)=BLANK
LNCODE(10#25OtDATA) (J0ATA(JX)etJX,.JPK5)
WORD=DATA(1)
IF (WORD*EG*PAUSE*OR WORD.EG.ENDATA.OR.WORD.EO.PRLOS) RETURN
IF (wORD.EQ9HEADER) GO To 210
IF (WORO.EO.PARAm) Go To 20
IF (WORO.EQ-ASTRsK) GO To 200

C
C SEE IF LABEL IS A PARAM OR ARRAY

LJ0 70 I=1IfJV
IF (WORD&EQoVNAME(l)) Go TO 90
IF (I.GT.NA) GO TO 70
IF (WORD.EQoANAME(I)) Go TO 180

70 CONTINUE
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lC MUST BE AN ERROR
80 WR:TE (6,260) WORD

GO TO 220
C
C SET UP TO PROCESS SINGLE VALUED PARAMETER

90 ASSIGN 170 TO JAD
KINDOi

C
c PUT VALUE STRING TOGETHER

100 DO 110 JxKv80
IF (JDATACJ).EQ.BLANK) Go TO 120

110 CONTINUE
120 DO 130 K=JO80

IF (JOATA(K).EQ.KOMA) GO TO 20
IF (JDATA(K).EQ.SLSH) GO TO 20
IF (JDATA(K).EQ-EQU) JDATA(K)=BLANK
Xý (JDATA(K).NE.BLANK) GO TO 140

130 CONTINUE
VAL=0eO
GO TO 10

140 NDOT=O
DO 150 J=Ke8O
IF (JDATA(J).EG.eLANK) GO TO 160
IF (JDATA(J).EQ.DOT) NDOT=NDOT+1
IF (JDATA(J),EQ.KOMA) GO TO 160
IF (JDATA(J).EGoSLSH) GO TO 160

150 CONTINUE
4=81

160 KARCJDATA(J)
JDATA(J)ZBLANK

C
C INSERI A DECIMAL POINT IF NUMBER HAD NONE

IF (NDOT.EQ.O) JDATA(J)=DOT
DATA (.')=BLANK
DATA (21=BLANK

ENCODE(IOP250,DATA)(JDATA(JX)tJX=KeJ)
JDATA(J)=KAR

C
C FORM THE VALUE AS A REAL

DECODE (10e#270tDATA) VAL
K=J

C
C GO TO STORE PARAMETER OR ARRAY ELEMENT

GO TO JADv (170t190)
C STOR SINGLE VALUE IN THE RIGHT SPOT AND GO BACK FOR MORE IF CARD N
C

170 VRBL(I)=VAL
IF (K.GE.80) GO TO 10
GO TO 20

C
C SET UP TO PROCESS ARRAY ELEMENTS

180 ASSIGN 190 TO JAD
C
C VFLAG IS THE VELOCITY PROFILE RERUN FLAG FOR CURVATURE

IF (IoEQ*1) VFLAG=OO
KIND=2
NX=O
GO TO 100
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C UPDATE NUMBER OF ELEMENTS FOR THIS ARRAY AND STORE THE VALUE
190 NX=NX+I

ARRAY(NXPI)=VAL
NUMA(I)=NX
IF (K*GE*80) GO TO 10
IF (JDATA(K)*EQ*BLANK) GO TO 100
GO TO 20

200 IF (KIND.EQ*2) Go TO 100
6O TO 80

C
C READ AND STORE THE TITLE INTO THE COMMON AREA

210 READ (5#240) KINN#(IHDR(IX)eIX=1,16t
WRITE (6e240) KOUTt(IHDR(IX)vIX=:1,S)
GO TO 10

C 220 CALL EXIT

C 230 FORMAT (ŽH1//)

240 FORMAT (' *#16A5)250 FORMAT (80A1)

260 FORMAT (II1OXVERROR IN INPUTS - t'A5)
270 FORMAT (FIO.O)

END

I SUBROUT!NE SCLNCE (TMINtTMAXND'SNMINtSNMAXeSNINC)
C

C THIS SUBROUTINE PRODUCES A NICE SET OF SCALE NUMBERS FOR A PLOT AX
C INPUTS ARE THE DATA MIN tTMINIPDATA IMAX fTMAX', AND THE REQUIRED N
C INTERVALS ALONG THE AXIS tND,. THE ROUTINE OUTPUTS A NEW MIN *SNMI
C MAX SSNMAX't AND INCREMENT 9SNINCV FOR-NO+D READABLE VALUES
C

DIMENSION POWTEN(7)# TICVAL(8)

DATA (POWTEN(I) =l7)/10.e100 OO•0OOOOOOOeOIOO0O,1lOO0O0.ol0O00
100000/

C
C ALLOWABLE VALUES ARE SOME fTICVALf TIMES SOME POWER OF TEN

DATA (TICVALCI)tII=:8)/0,5el.0..l*52..5.OOtO,15,t20./
DIVZND

C
C SET UP ROUNDING VALUE

ROUND=O.01
ST=TMIN
IF (ST.LTsOeO) ROUND=ROUND-1.O

C

C DETERMINE FIRST GUESS AT INCREMENT
D0=YMAX-TMIN)/DIV
P=1.0
IF (D*LT.10.0) Go TO 30

C
C REDUCE INCREMENT TO RANGE (1 Q 10)

DO 10 1=2#7
IF (POWTEN(I?*GY.D) GO To 20

10 CONTINUE
20 P=POWTEN(I-1)
30 0=D/P-O,0O
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00 40 1=1#7
IS=!
IF (TICVALCI)*GE.D) GO To 50

40 CONTINUE

C COMPUTE NEW INCREMENT
50 D=TICVALCIS)*P

ST=D*AINT (ST/D4ROUND)

C TEST NEW INCREMENT To MAKE SURE DATA WILL FIT IN NEW RANGE
TEST:STI(DIVe0*O1) *D
IF (TEST.GE*TMAX) GO TO 60
15:15+1
6O TO 50

C
C COMPUTE NEW MIN AND ADJUST

60 ST:ST-AINT( (DIV4(ST-TMAX)/D)/2.0)*D
IF (ST*TMIN) 70.70.80

70 ST:OsO
80 SNMIN:ST

C
C COMPUTE NEW MAX

SNMAX=STeD*DIV
SNINCZD
RETURN
END

SUBROUTINE SHIPIN (SHIP!)
C
c THIS SUBROUTINE CONSTRUCTS THE SHIPPING DENSITY NOISE INTENSITY
C HISTOGRAM
C

CC"'ON /COMV/ ZXZTG.,RMAXPHIDOELPHBNCs.oUTPTWSPDOGREH.SNPLTS
1SPLTPALATBERNGPHOURACTIVtRAINeHFLAGZTG1,ZTGNOPZTINCPRGTeRGTNOeR
2GINC.TARGgTARGOTARG1tTARG2,TARG3eSHIPDSHLFRSHLFS/COMA/AVELPC30)
3tAHSC3O).ARESP(30),ASHIP(30)eABW(30)PAPROP(30),ADANF(30),NUMV.NUMH
4tNUMRPNUMStNUMBWPNUMPtNUMF
COMMON HLOS(6,6O).'RNG6C6.6),XANG(300)v'fDB(300)tJPIPJCNT.'4INDITOTL
1ITOTLNI51,ITSTtNTSTPTHgHLTHRDBCD.ZB1,VFLAG.BANDL(11) ,FRE3(11) v
2D8111),BANDWtLOCAT(3)eDATE(2)PAVEL1(30)tASHIL(30),TDB'(180).TDEG(18
30) eKP1. TRECLtTLEVTGDPRTGQ1300)t.W 1300) .TYTLE(8) eCAP1 18) CAP2(113)

4#CAP3(13) ,CAP4CI3) .CAP5(13) ,CAP6(8) ,CAP?(8) .NMS2,FREQPHINC

RELLMULT
c

K:NUMS-2
C

00 40 I=1,K*2
C
C INITIALIZE PARAMETERS
C

LMULT:1 .0
SMULT:1 .0

67



C STORE SHIPS AND FIRST RANGE OF RANGE INCREMENT
C

RANGI-.ASHIP(l)
SHIFS=AS4IP (1.1)

10 IF(ASHIP(1+2)*GE.O.O) GO TO 30

C CALCULATE INTENSITY MULTIPLICATION FACTORS FOR SHIP SPEED
AND LENGTH
IF(ASHIP(1+2)*LE.-50o) Go To 20
ADSHP:-50.sALoGlOC-ASHIP(1+2)/12.)
SMULT=2.***(ADSHP/v3.0103)

GO TO 10
20 ADLNG=20.*ALOG1OC.ASHIP(I+2)/300.)

LMULT=2e*gr(ADLNG/390jQ3)
1=1+1
GO TO 10

C CALCULATE AREA AND CONSTRUCT SHIPPING DENSITY NOISE INTENSITY
HISTOGRAM 1i
AREA:. 0087266* CRANG2**2-RANGI**2) *DGREH
DENS:SHIPS*10000*/AREA
ASHII CJ-1)=RANGl*29
ASHI (qi)=DENS*SHIPI*SMULT*LMULT

140 CONTINUE 1
NMS2:qJ+1

ASHII (qJ*1)RANG2*2*
C

RETURN
C

END

SUBROUTINE SSPLOT
C
C THIS SUBROUTINE WILL PRODUCE A CALCOMP PLOT OF A SOUND SPEED PROP!
C fDISSPLAf, THE DEPTH VALUES ARE ALONG THE X AXIS AND THE VEL VALUE
C THE Y AXIS* THE PLOT WILL BE DRAWN ON A 8.5 X 11 INCH PAGE WITH AU
C

DIMENSION LABEL(14)t X(15)t Y(15)
COMMON /COMV/ ZXZTGIRMAX9PHIDIDELPHOBNCSIIOUTPTIWSPDt0GREHf5NPLTeS

ISPLT9ALATPBERNGFHOUR.ACTIV.RAINIHFLAG9ZTG1,ZTGNOZTINCPRGTURGTNO*R
26INCPTARGPTARGO;TARSIPTARG2;TARG3;SHIPDFsHLFR;SHLFS/COMA/AVELP(30)

4pNUMRpNUmSvNUMBWoNUMPpNUMF
COMMON HLOS(696O)PRNG(6160)IXANG(300)PYDB(300)PJPIPJCNTPWINDIPTOTL
IIPTOTLNPI5ItiTSTNTSTTHRMLTHRDBCDtZB1,VFLAG.BANDL(11) eFRE3(11),2DBC11)9BANDWILOCAT(3)PDATE(2)tAVEL1(30)PASHI1(3O)VTDB(180),TDEG(IS
30)tKPlPTRECLPTLEVPTGDPRTG.Q(300)IW(300)tTYTLEC8)PCAP1(8),CAP

2 (13)4PCAP3(l3)tCAP4(13),CAPs(13),CAP6(e),CAP7ca),NMS2tFREQPHINC
DATA NP/100/

C
NP=NPII
NV=NUMV/2
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C BEGIN PLOT
CALL BGNPL (NP)
IF (HFLAGeLT*09O.OR#SNPLT*GT*0*0) GO TO 10
READ (51,51)) (LOCAT(I)oI:1#3)
lEAD (5#50) (DATE(I)tl=1#2)

10 CONTINUC
ENCODE(40, 70#CAP2)(LOCAT(l)#I:1.3)
ENCODE('40p 80,CAP3)(DATE(VI).Iv2)
CALL TITLE (IH t-1,0.0.O,0,5.O,300)

C
C FIND RANGE OF SOUND SPEED

YMIN:6000*o
YMAX:OoO
00 20 121,NV
X(I)=AVELI(2*1-1)
Y(I)=AVEL1(2*I)
IF (Y(I).GT*YMAX) YMAX=YtI)
IF (Y(I).LT.YMIN) YMIN=Y(I)

20 CONTINUE
C
c FIGURE OUT NICE SCALES FOR X AND Y

CALL SCLNCE (YMINtYMAXt5#YMN#YMXrYINC)
CALL SCLNCE (X(1epX(NV)pIOtXMjINtXMAXtXINC)

c
C SET UP AND DRAW THE X AND Y AXIES

CALL BANGLE (180.0)
CALL BSHIFT (4.5t3.0)
CALL GRAF (X?41N#XINCPXMAX#YMNPYINCPYMX)

CAl
C SET UP THE REQUIRED ALPHABET

CALL BASALF ('L/CSTD')
CALL MIXALF ('STANDARD')
CALL HEIGHT (0.1)

C

C MAKE AND LABEL X AXIS

XTMP:XMXN
UO 30 I1l1l11
I X7M=XTMP

ENCODE (l0t60#LABEL(13)) IXTm
LASEL(I)=LABEL(14)

30 XTMP=XTMP+XINC
CALL XAXANG (90.)
CALL XLBAXS (LABEL#1,11e5*0,' S',100e09O000)

C
C MAKE AND LABEL Y AXXS

YTMP:YMN
00 40 I~lt6
IYTM=YTMP
ENCODE (10#60PLABEL(13)) IYTM 9
LABEL(I)=LABEL(14)

40 YTMP=YTMP+Y INC
CALL YLBAXS (LABEL,1,6t3.0#'(SOUND SPEED) -FT/SECS',10t0,0fO-00)

CALL ANGLE (-180.)
CALL MESSAG ('(DEPTH) -FEET',14,3.0,-0o6)

CALL ANGLE (90.)
CALL RESET ('BASALF')
CALL MESSAG (CAP2#100e.-1.25P,45)j CALL MESSAG (CAP3t100e-1.0e.45) 6
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C FRAME AND END PLOT
CALL FRAME
CALL ENDPL (0)

RETURN
50FRAC35
60 FORMAT (310)

70 FORMAT (#LOCATION9#40x,-A5,'St)J
80 FORMAT ('OATEeIJ3X#2A5#'S')

END

SUBROUTINE SUMINT (KPNPNMAXPRKPHKPPHIPDIRS)
C
c THIS SUBROUTINE COMPUTES THE NOISE INTENSITY ALONG EACH RAY
C

COMMON /COMV/ ZXoZTGRMAjiPPHIDtDELPHeBNCSPOUTPTeWSPDeDGREHPSNPLTS
ISPLTeALATeBERNGFHOUReACTIVeRAINeHFLAGeZTGleZTGN0,ZTINCRS3TPRGTNOuR
2GINC.TARG.TARGO eTARGIeTARG2eTARG3,SHIPDSHLFRPSHLFS/COMA/AVELP(30)
3wAHB(30) ,ARESP(30) eASHIP(30) eABW(30) ,APROP(30) eADANF(30) ,NUMVINUMH
'4.NUMRPNUMSeNUMBWNUMPPNiJmF/COMX/CXZBM,-PHICPALPHACPBION
COMMON HLOS(6,60),RNG(6.bO),XANG(300),YDB(300)PJP1,.JCNTtWINDIPTOTL
1IeTOT'I.ý!5eI51ITSTNTSTtTHRMLPTHRDk3,CDeZBIPVFLAGeBANDL(11)gPRE3(I11)
2DB(II) pBANDWeLOCAT(3) ,OATEC2) ,AVELI(30) eASHII(30) .TOB(180) eTDEG(18
30)PKPltTRECLtTLEVeTGDPRTGQ(300)eW(300),TYTLE(8),CAP1(8)hCAP2(13)
4eCAP3(13) ,CAP'4(13) ,CAP5(13) ,CAP6(8) ,CAP7(8) .NMS2,FREQePHINC

C
DATA RADCON/S7,2957795/

C
C TEST FOR FIRST BOUNCE

C

NTSTIl
UOWNI=0*O

UPIrO.O
10 A3SFI=ABS(PHINC)

RG=RK
C

SHIPI=FUNS(ASHII,RGtNMSP)
DR=ABS(RNr-(K#N)".RK)
IF (RK.EQ.O.O.OR.RNG(KN).EQ.0.O) DR=5.O
HL=*5*(HKGHLOS(K#N))

HLOS(K#N)=HK
HNG(K N)=RK

TEST FOR FIRST TIME THRU

IF (ITST.EQvl.AND#K#EQe6) GO TO 70
IF iITST.EQ. 2 *AND, K *EQ9 2 eAND9 N .Ea. NMAX) GO To 70
IF (tTST.GE*1) Go To 50
AREA:OGREH*. 00875'DR. (2,o*RG+DR)
XZZZAREA*O.5**(HL/3.O103)

C ASSUME WIND2 NOISE OIPOLF DIRECTIONALI1Y PATTERNJ AT HIGH FREG
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,; 4'..~* UflctAt f~f~' C (ft % A if~

~ ~~GE 3)GO TO 20

20 WNDQlflJ1T0TI

IF (K eE61t 2 t.AND, ITST CEt -1 *AND, N *EO. WAX) Go O 31~

NTST=O

T0T~lCT0T X4184,88U6

~JCNTZJCNT.L
C
C CALCULATE PER sTEr4AO!AN cofm~ccTION FAtTOR

1J=2*JCNT-1

XRNG J~i)Pl

Y08( P1J.)=8DN+AOQS
40 CONTINUE

IF tSNRLTvGTo,0, #OR* OUTPT *LE. CO0) Go To 50
PRINT 90, PHPHN#t1(#tA~H.S4NA~DU#B~t~i

50 RETURN

70 1TST=O
IF (K cEov 2) ITST=.I
RETURri

cLI90 FORV'AT (169*8F12.3)
E~ND

SUB4ROUTINE SuRFIJCC THIS SUPROUTINE CALCULATE~S THE INTENSIT1'~S OF ALL THE sURFACCc NOISE SE14CRATORS

ISLPLTdRI ,ORAHVRANHL~,TIZGOZ~IPGItRGTNOr

COMO
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C
C WINT# RAINI AND ASHIP(2N) ARE SOUND INTEN&SITY DENSITIES DUE
C TO WINDt RAIN AND SHIPS. (WATTS/M**2)/KYDS**2
C

DO 10 .1:1,11
6BB1ALOG1O(FRE3(1j))

10 DB(j)=8B1*(4.22*BBl-33*4h-10*9
CALL BWIDTH (THRmL)

C ESTABLISH LOWEST THERMAL LEVEL/VERT DEG/HOR DEG

C
THRML:THRML*DGREH*1 *5432E-5
THROBS1O .0*ALOGIO CTHRML+8!ON)+84.8856

C
C ESTABLISH MINIMUM SCALE cD FOR NOISE PLOT
C AND CONVERT TO OB/MICROPASCALS
C

CD=20*
IF (THRD8*LE.-80.0) CD:1oo
IF (THRDB*LE.-90,O) CD=0.O
IF (THRDB*LE.-100*O) CD=-10.G
IF (THRDB9LE*-11O*O) CD:-20.o

C
WINT=0*O
IF (WSPD.EQ~o.0) GO TO 30

C
C wMULT IS WIND SPEED DEPENDENCE
C

vEMULT=. 065*WSPD***7
LJO 20 J=1#11
8B1:ALOGlO(FRE3ij))

C CORW IS THE SLOPE AND LEVEL CORRECTION FOR SURFACE NOISE SPECTRA
C EXCEPT SHIPPING NOISE
C

CCRW=29.6*10.**(1..43E-5*FRE3(J) **1.54)
xsLEVl=-18. *BBI-4.
WLEV2:9.66*BB1*BBI-43.99*BBI+23.33

20 OB (J) :WLEVI+ (WLEV2-WLEVI )*WMULT+CORW

CALL OWIOTH (WINT)
30 RAINI=O~o

IF (RAIN.EQ.0*O) GO TO 50
C
C CALCULATE NOISE DUE TO RAIN

4 C
ARA!N=ALOSGIO(RAIN)
i)0 40 ~j~lpl1
881=ALOGIO(FRE3(4J))
CORW:. 0667*BBI**4. 106+29.64

"40 UB(J):CORW+5.5*BB81414.5*ARAIN-49.5
C CALL BWIOTH (RAINI)
50OR WIS IWTHE MDE ISTRINFCO O 11 ORE

C

IF (SHIPO.EG.0,0) GO TO 90
UO 60 .J=1#11
BB1=ALOGIO(FRE3(J)-2.*SHIPD+12.)
CORL=14 **FREQ+8 *7444 **SH IPD
SLI-1.O*BB1+1*16
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SL2=3 *3*B81-6.274
DBCJ)=-15.-10O*ALOG1O (10.**SL1+1O.**SL2),CORL
IF(SHLFS *LE. 0.0) DB(J)=DB(J)+5.

66 CONTINUE

CALL BWIDTH (SHIPI)
70 CONTINUE

C
C CONSTRUCT SHIPPING DENSITY NOISE INTENSITY HISTOGRAM
C

CALL SHIPIN (SHIP!)

C RETURN
90 SHIPI=0.0

GO To 70
END

SUBROUTINE TARGET
C
C THIS SUBROUTINE COMPUTES THE DIRECTIONAL SIGNAL
C LEVEL RECEIVED FROM A TARGET
C
C

COMMON /COMV/ ZXZTG.RMAXPHIDDELPHBNCSPOUTPTPwSPDDGREHeSNPLTS
1SPLTALATeBERNGuHOUR.ACTIVRAIN'HFLAGiZTG1 ,ZTGNOZTINCRGTRGTNOtR
2GINCPTARGITARGOPTARG1,TARG2,TARG.5,SHIPD9SHLFRPSHLFS/COMA/AVELP(30)
3PAHB(30) .ARESP(30) eASHIP(30) eABW(30) ,APROP(30) tADANF(30) ,NUMVNUMH
4tNUMRNUMStNUMBWNUMPeNUMF/COMX/CXPZBMPHICIALRkIACeBION/COMCT/CVPT
5ANPHS

* ~COMMON HLOS(6,60)eRNGC6eb0)eXANG(3OO)tYDB(300),PJPIJCNTPWINDITCTL
1IeTOTLN,151,ITSTtNTSTPTHRMLeTHRDIBgCDeZBlVFLAGBANDL(11),FRE3(il),
20B(II)PBANDWPLOCAT(3)PDATEt2)PAVELI(30)#ASHII(30)tTDB(180),TDEG(18
30)PKP1,TRECLTLEVTGDPpRTGQ(300)pW(300).TYTLE(B),CAPI(8)eCAP2(13)
'4tCAP3(13) .CAP4(13) ,CAP5(13) .CAP6(8) eCAP7(8) .NMS2,FREGePHINC

C

DATA RADCON/57929577/

C
CXZFUNU (AVELPPeZXPNUMV)

C
CTG:FUNU( AVELPteTGDP. NUMV )
PHITG=0*0001
IF (CX*LE.CTG) PHITG:ACOS(CX/CTG)
TDEG(1)=90*
TOB (1)=-300*
KP11l

RUN=O09
YLAST:0*0
TRECI=1:* OE-30
PRINT 23o
IF (TARG.LT.0.0) 430 TO 20

C CALCULATE BROADB,,ND TARGET ENERGY

DO 10 .J:1,11

881=ALOG10(FRE3(.J))
10 UB(J)=TARGO+TARGI*B81+TARG2*bB1**2,TARG3*BB1**3
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CALL BWIDTH fTROTI)
6O TO 30

20 TRGTI=3o2L467E-9*10 0**(TAHGO/1O.)
30 CONTINUE

CC TLEV IS EFFECTIVE TARGET LEVEL IN IB

40PHIIZOELPH/ (2o0*RADCON)
IF (RGT.GE950O,) GO TO 200O
CZZ-1.0
ITEST=0
UPH!:-. 05
TINT1=19* E-35

50 IRZO
XTRA80.oo

C

C
IF (PHIl.GT*PHIBM*AND*CZ.GT#0,O) GO TO 180
IF (PHIl.LT.090OoRPH-II1.T#PHIBM.ANO.CZ.LT.0,0) GO TO 200
COSPl=COS(PHIl)
CV:CX/COSpl
CALL VERTEX (ZLOvZHI)

C
C TEST FOR RAY UNABLE TO REACH TARGET DEPTH

'I C
IF (ZLO.LT,(TGDP+55d.OR.ZHI.GT.(TGDP-5.)) GO TO 160
TANPHS:TAN(PHII)

CALL RAYTRC (-PHil,0.0,ZXtSi.R.oUROP1.PHN01,GRAD1,ZENDI)
CALL RAYTRC (PHNDIZENO1,1'GOP.S2,R2.DRDP2.PHND2tGPAD2,ZEND2)

C CALL RAYTRC (PHII.ZX.ZBMS~,Ri.ORDP3,PHND3,GRAD3tZENDZ)

c TAGETAB~OVE RECEIVER
80 G=*R

RG2:2**(R34-Rl-R2)
RSUPZR1-R2
RSONZR1-R2+2.*R3
EI1=10
E2=0*0
GO TO 80

C TARGET BELOW RECEIVER
70 RG1:2:*t !+4Rl-R2)

RGZ2.2*R2
RSUP=R1+R2
RSDNZR2-Ri
E1: * C
E2:1* C

C TEST FOR UP-GOING OR DOWN-GOING RAY
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80 IF (UP) 90.90p100
C DOWN GOING RAY

90 RSTRT=RSVN
FI12lO
F2:O0*
Go to 110

C UP GOING RAY
100 RSTRT:RSUP

F1:O090
F2=1.O

110 SIZE:RG14R62
C
C CALCULATE NUMBER OF CYCLES TO TARGET
C

IF (ITEST.EG9O) N=(RTG-RSTRT)/SIZE
YO=N
RNODE=YO*SIZE+RSTRT
ITEST:1

C
C TEST TO GET THE SAME NODE AS FIRST TIME THRU AND LOCATION OF
C TARGET IN CYCLE
C

IF (IR) 130#120#140
120 IF (RNODE4RG1-RTG) 130,130. 140
130 RNOD1:RNODE+RGI

IR:-1
GO TO 150

140 RNOD1:RNODE
G1=0.00
IR-1

150 CONTINUE
C
C TEST FOR RAY WITHIN RANGE INCREMENT
C

DR2=RNODI-RTG
IF (0R2) 160,170@170

160 PHII=PHIIDPHI*(1.04PHI1*.13*(1.tCZ))
6O TO 50

C
C CALCULATE LOSSES
C

1-00 CONTINUEITEST:0 1
SNODI=2.*Y0* C51+S3)+EI*(S1-S2.F1*2o*S3),E2*(S2+S1*(F2.-FI) )+2.*G1*(
1E1*S24E2*(SBISl-s2))
FNOD1:2.*YO* (DRDPlDRDP3)4EI*(DRDPI.DRDP24F1*2.*DROP3)+E2*(DRDP2+D

1IKDP1*(F2..F1) ,42.***(EI*LJRDP2+E2*(0RDP34DROPI-DRDP2))

CALL H4LOSS (PHND2,RNODI DSN0D1,FNOD1 ,GRAO2eHLOSI)

C TEST FOR BOTTOM BOUNCE
C

SLOS=0*O
IF (ZEND3eGE.ZBM) BLOS=FUNU(AHB.PHND3*RADCONNUMH)
IF (ZEND1.LE*.0.0 SLOSZYO**5
IF (UP.LE.0.0.AND.TGDP.LE.ZX.OR.TGDP.GEZXoAND.G1,EQ.1,0) XTRAB=1.
10
PHI=-UP*PHI 1*RACCON
TLOS:(Y04XTRAB)*BLOS.HL0S1+FUNU(ARESPCPHI .NUMR)
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N=- 1

10 N=N,2
ZN=AVELP(N)
IF' (ZN*LT.ZX) GO TO 10

NST=N-2

C SEARCH UP
2NPI=AVELP (N)
CNP1=ftVE.LP(N+1)
N.LNST

20 ZN=AVELP(N)
CN:AVELP( N+l)
IF (CN-GE-CV) GO TO 30
CNP1=CN
ZNPI ZN
N=N-2
IF (N.GT.0) GO To 20
ZHI=GOO
GO TO 50

30 GRAD: (CN-CNP1 ) /(ZN-ZNPl)
IF (GRAUhEQ*O.0) GO TO 4U
ZH!=ZNP1+ CV-CNPI)/:GRAD

406 TO 50
40ZHI=ZNP1

C
C SEARCH DOWN

50 CONTINUE
ZN:AVELP(NST)
CN=AVELP (NST.1)
N=NST+2

60 ZN,'1=AVELP(N)
CNP1=AVELP (N+1)
IF (CNPI.GEOCV) GO To 70
CN=CNF4
LN,,ZNP1
N:N+2
IF (N.LT.NUMV) Go TO 60
ZLO=AVELP(N-2)
RETURN

70 GRAD=(CNP1-CN)/(ZNO1-ZI4)
IF (GRADEQ.0sO) GO To 6u

4 ~ZLO=ZN+ (CV-CN) /GRAD
RETURN

80 ZLO=ZN
RETURN

END

77
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OFFICE OF NAVAL RESEARCH

875 NORTH RANDOLPH STREET
SUITE 1425

ARLINGTON VA 22203-1995

IN REPLY REFER TO:

5510/1
Ser 3210A/01 1/06
31 Jan 06

MEMORANDUM FOR DISTRIBUTION LIST

Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

Ref: (a) SECNAVINST 5510.36

Encl: (1) List of DECLASSIFIED LRAPP Documents

1. In accordance with reference (a), a declassification review has been conducted on a
number of classified LRAPP documents.

2. The LRAPP documents listed in enclosure (1) have been downgraded to
UNCLASSIFIED and have been approved for public release. These documents should
be remarked as follows:

Classification changed to UNCLASSIFIED by authority of the Chief of Naval
Operations (N772) letter N772A/6U875630, 20 January 2006.

DISTRIBUTION STATEMENT A: Approved for Public Release; Distribution is
unlimited.

3. Questions may be directed to the undersigned on (703) 696-4619, DSN 426-4619.

BRIAN LINK
By direction
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